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ANNUAL R.EPOI{T 
OF 
'l1H·E BOARD OF REGENTS 
01? THE 
S~Il'l'I-IS()NIAN INS'II1'U~r I{)N, 
SHUWI~G 
THE OPERATIO~S, EXPENDITURES, AND CONDITION OF THE INSTITU11ION 
FOR THE YEAR 1869. 
-----~~-·----
WASHINGTON: 
GOVERNMENT PRINTING OFFIOE. 
1871. 
1 N SE 
CONGRESS OF THE UNITED STATES, IN TilE HOUSE OF REPRESENTATIVES, 
FORTY-FIRST CONGRESS, SECOND SESSION, July 12, 1870. 
Resolved by the House of Representatives, (the Senate concurring,) That ten thousand addi-
tional copies of the Report of the Smithsonian Institution for the year 1869 be printed, 
three thousand of which shall Le for the use of the Senate, four thousand for the use 
of the House, and three thousand for the use of the Institution: Provided, That the 
aggregate number of pages of said report shall not exceed four hundred and fifty: au<l 
that there shall be no illustrations except those furnished by the Smithsonian Insti-
tution. 
On the 13t!l of July, 1870, a message was reeeiYecl from the Senate, by l\fr. Gorham, 
its Secretary, notifying the House that the Senate harl agreed to the said resolntiou 
without amendment. 
Attest: EDW. l\IcPHERSON, Clerk. 
Per GEO. FRS. DA 'VSON, Assistant Clerk. 
. ·, ..,--·-·------------~---------
LETTER 
SECRETARY OF THE SMITHSONIAN INSTITUTION, 
THANSMITTIXG 
The annual report of the 8mithsonian Institui'ion for the year 186D. 
S:\'I.I'I'HSONIAN INS'I'I'I'U1'ION' 
Washington, llfarch 1, 1870. 
SIR: In behalf of the Bo[lrd Qf Regents, I have the honor to submit 
to the Congress of tlte Umted States the annual report of the operations, 
expenditures, and condition of the Smithsonian Institution for the year 
18GD. 
I have the honor to be, very respectfully, your obedient servant~ 
JOSEPH HENRY, 
Secretary Smithsonian Institution. 
Hon. S. CoLF A.x, 
.President of the Senate. 
Hon. ~T. G. BLA.INE, 
Speaker of the House of Representatives. 
ANNUAL REPORT OF THE S1HTHSONIAN INSTITUTION FOR 1889. 
This document contains: 1. The programme of organization of the 
Smithsonian Institution. 2. The annual report of the secretary, giving 
an account of the operations and eondition of the establishment for the 
year 1869, with the statisties of collectionsJ exchanges, meteorologJT' &c. 
3. The report of the executive committee, exhilliting the financial affairs 
of the Institution, including a statement of the Smithson fund, the re-
ceipts and expenditures for the year 1869, and the estimates for 1870. 
4. The proceedings of the Board of Regents. 5. A general appendix, 
consisting principally of reports of lectures, translations from foreing 
journals of articles not generally accessible, but of interest to meteorol-
ogists, correspondents of the Institution, teachers, and others interested 
in the promotion of knowledge. 
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PROGRAMME OF ORGANIZATION 
OF THE 
S~il 1" H SON IAN IN S1,I1"U1"I 0 N. 
[PRESENTED IN THE FIRST ANNUAL REPORT OF THE SECRETARY, AND 
ADOPTED BY THE BOARD OF REGENTS, DECEMBER 13, 1847.] 
INTRODUCTION. 
General considerations u:hich should serve as a guide in adopting a Plan 
of Organization. 
1. WILL OF S:3HTIISON. '.Phe property is bequeathed to the United 
Sta.tes of America, '' to found at Washington, under the name of tlte 
SJ.\<HTIISONIAN INSTI'l'UTION, an establisbment for the increase and diffu-
sion of knowledge among men." 
2. The hequest is tor tbe benefit of mankind. The Government of 
the United States is merely a trustee to catTy out the design of tbe 
testator. 
3. The Institution is not a national establishment, as is frequentl,Y 
supposed, but the establisluuent of an individual, and is to bear aiHl 
perpetuate his name. 
4. The objects of the Institution are, 1st, to increase, and, 2d, to 
diffuse k1wwledge among men. 
5. These two objects sllonld not be confounded with one another. 
The first is to enlarge the existing stock of knowledge by the addition 
of new truths; nnd the second, to disseminate knowledge, thus increased, 
among men. 
6. The will mak~s no restriction in favor of any particular kind of 
knowle<lge-; hence all branches are entitled to a share of attention. 
7. Knowledge can be increased by difl'erent methods of facilitating 
and promoting the discovery of ne\\· truths; and can be most exten-
sively diffused among men l>y means of the press. 
8. To effect the greatest amount of good. the organization should be 
such as to enable the Institution to produee results, in the way of in-
creasing and diffusing knowledge, which cannot be produced either at 
all or so efficiently by the existing- institutions in our country. 
9. The organization should also be such as can be adopted provis-
ionally; can be easily reduced to praetice; recein~ modifications, or 
be abandoned, in whole or in part, without a sacrifice of the funds. 
10. In order to compensate in some measure for the loss of time 
occasioned by the delay of eight years in establishing the Institution, 
a considerable portion of the interest which has accrued should be added 
to the principal. 
11. In proportion to the wide field of knowledge to be cultivated, the 
funds are small. Economy shonl<l, therefore, be consulted in the con-
struction of the buil<ling-; and not only the first cost of the edifice should 
be considered, but also tlw continual expense of keeping it in repah·, 
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rm<l of tbo support of the establishment necessarily connected witll it. 
'rlwre should also be but few individuals permanently supported by the 
Institution. · 
12. The plan and dimensions of the building should be determined by 
the plan of the organization, and not the converse. 
13. It should be recollected that mankind in general are to be bene-
fited by the bequest, and that, therefore, all unnecessary expenditure 
on local objects would be a perversion of the trust. 
14. Besides the foregoing considerations, deduced immediately from 
the will of Smithson, regard must be bad to certain requirements of the 
act of Congress establishing the Institution. These are, a library, a 
museum, and a gallery of art, with a building on a liberal scale to con-
tain them. · 
SECTION I. 
Plan of organization of the Institution in accordance with the foregoing 
deductions front the will of Smithson. 
To INCREASE KNOWLEDGE. It is proposed-
1. To stimulate men of talent to make original researches, by offering 
suitable rewards for memoirs containing new truths; and, 
2. To appropriate annually a portion of the income for particular re-
searches, under the direction of suit~ble persons. 
To DIFFUSE KNOWLEDQ;E. It. is proposed-:-
1. To publish a series of periodic!ll reports on the progress of the dif-
ferent branches of knowledge; and, 
2. To publish occasionally separate treatises on subjects of general 
interest. 
DETAILS OF THE PLAN TO INCREA~E KNOWLEDGE. 
I. By sUrn~tlating researchc::. 
1. Facilities afforded for the production of orig1:1 al memoirs on all 
branches of knowle<lge. 
2. The memoirs thus obtained to be published in a serk~ of Yolumes, 
in a quarto form, and entitled Smithsonian Contributions to .Znowledge. 
3. No memoir on subjects of physical science to be accepteu for pub-
lication which does not furnish a positive addition to human know~:<dge, 
resting on original research; and all unverified speculations to be i~­
jected. 
4. Each memoir presented to the Institution to be submitted for 
examination to a commission of persons of reputation for learning in the 
branch to which the memoir pertains; and to be accepted for publica-
tion only in case the report of this commission is favorable. 
5. The commission to be chosen by the officers ofthe Institution, and 
the name of the author, as far as practicable, concealed, unless a favor-
able decision is made. 
6. The volumes of the memoirs to he exchanged for the transactions 
of literary and scientific societies, and copies to be given to all the col-
leges and principal libraries in this country. One part of the remain-
ing copies may be offered for sale, and the other carefully preserved, 
'to form complete sets of the work, to supply the demand from new insti-
tutions. 
7. An abstract, or popular account, of the contents of these memoirs 
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to be given to the public through the annual report of tLe Regents to 
Congress. 
II. By appropriating a part of the income~ anmwlly, to special obj:}cts 
of research, under the direction of s~titable persons. 
1. The objects and the amount appropriated, to be recommended by 
counsellors of the In::;titution. 
~. Appropriations in different years to different objects; so that in 
course of time each brauch of knowledge may recei\~e a share. 
~t The results obtained from these appropriations to he published, 
with the memoirs before mentioned, in the volumes of the Smithsonian 
Contributions to Knowledge. 
4. Examples of objects for wllich appropriations may be made. 
(1.) System of extended meteorological obo;;er\ations for soh~ing tile 
problem of American storms. 
(2.) Explorations in descriptive natural history, and geological, mag-
netical, and topograpllical suryey~, to collect materials for tlle formation 
of a Physical Atlas of the United States. 
(3.) Solution of experimental problems, snell as a new determina-
tion of the weight of the earth, of the velocity of electrieity, and of 
light; chemical analyses of soils and plants; collection and publication 
of scientific factR accumulated iu the offices of government. 
( 4.) Iustitution of statistical inquiries with reference to physical, 
moral, aml political subjects. 
(i3.) Historical researches, and accurate surv·eys of places celebrated 
in American lnstorY. 
(G.) Ethnologicaf researches. pr~rtif'nlarly with reference to the (lif-
fereut raees of men in North America; also, explorations aud aecunltc 
:sun·eys of the mounds and other rem;:lins of the ancient people of our 
('OUntry. 
DETAILS OF 'I'HE PLAN FOR DIFFUSING KNOWLEDGE. 
I. By the publication of ct seriAs of reports, giving an cwcount of the new 
discoreries in I$Cience, ancl of the changes made from yatr to year in all 
branches of knowledge not strictly ]JI'ofessional. 
1. These reports will diffuse a kiu<l of knowledge generally interest-
ing, bnt whicll, at present, is inaccessible to the public. Some of the 
reports mr~y be published annually, others at longer intervals, as the 
income of the Iust1tution or the changes iu the branches of knowledge 
may indie.ate. 
~. Tlw n"'ports are to be prepared by collaborators eminent in the dif- · 
fer<>nt branches of knowledge. -
:3. Eaeh collaborator to be furnished "·ith the journals and publica-
tion·8, domestic and foreigu, necessary to the compilation of his report; 
. to lJe paid a certain smn for llis labors, and to be named ou the title-
P<lgc of the report. 
±. 'fhe report::; to be published in separate parts, so tllat persons inter-
ested in a particular branch can procure tile parts relating to it without 
purebasing the \VLole. 
f). These reports may be presented to Congress, for partial distribu-
tion, tlw remaining copies to be given to literary and scientific institu-
tious, and sold to iudividuals for a moderate price. 
Tbe following are some of the subjects which may be embraced in th~ 
reports:* 
><-This part of the plan bas been but partially carried out. 
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I. PHYSICAL CLASS. 
1. Physics, including astronomy, natural philosophy, chemistry, and 
meteorology. 
2. Natural history, including botany~ zoology1 geology, &c. 
3. Agriculture. 
4. Application of science to arts. 
II. nfORAL AND POLI'l'ICAL CLASS. • 
5. Ethnology, including particular history, 'comparative pl1ilology, 
antiquities, &c. 
6. Statistics and political economy. 
7. :l\fental and moral philosophy. 
8. A survey of the political events of the world; penal reform, &c. 
III. LITERATURE AND THE FINE AR'l'S. I 
9. Modern literature. 
10. The fine arts, and theil' application to the useful arts. 
11. Bibliography . . 
12. Obituary notices of distinguished individuals. 
II. 'By the publicat,ion of separate trea!'ises on subjects of general interest. 
1. These treatises may occasionally consist of Yaluable memoir~ 
translated from foreign languages, or of artieles prepared un<.ler th~ 
direction of the Institution, or procured by offering premiums for the 
best exposition of a given subject. 
2. The treatises slwuld, in all cases, be submitted to a commission of 
competent judges, previous to their publication. 
3. As examples of these treatises, exposit-ions may be obtained of the 
present state of the several branches of knowledge mentioned in the 
table of reports. 
SECTION II. 
l)lan of orrtanization, in accordance ~with tlte tm~ms of the resol~ttion& of the 
Board of Regents prorv'iding for the two modes of 'increasing and diffus-ing 
lcnotcledge. 
1. The act of Congress establishing the Institution contemplated the 
formation of a library and a museum ; and the Board of Hegents, in 
eluding these objects in the plan of organization, resolved to divide the 
iuc01ue* into two equal parts. ' 
2. One pal't to be appropriated to increase and diffuse knowledge by 
means of publications and researches, agreeably to the scheme before 
given. The other part to be appropriated to the formation of a library 
and a collection of objects of nature and of art. 
3. Tllese two plans are not incompatible with one another.· 
4. To carry out the plan before described, a library will be required, 
consisting, 1st, of a complete collection of the trausactions and proceed-
ings of all the learned societies in the world; 2d, of the more important 
current periodical publications, and other works necessary in preparing 
the periodical reports. 
"The amount of the Smithsonian bequest received into the Treasury of the · 
United States is ............... -......... - ....... - ..... -.-- .. - ........ $515, 169 CO 
Interest ou the same to July 1, 1846, (devoted to the erection of the building) 242, 129 00 
Annual income from the bequest ......... ~ .. ~. . . . . . . . .. . .. . . . • .. . . .. .. .. 30, 910 14 
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5. The Institution should make special collections, particularly of 
objects to illustrate and verify its own publications. 
u. Also, a collection of instruments of research in all branches of ex-
perimental science. 
7. With reference to the collection of books, other than those men-
tioned above, catalogues of all the different libraries in the United 
States should be procured, in order that the valuable Looks first pur-
chased may be such as are not to be found in the United States. 
8. Also, catalogues of memoirs, and of books and other materials, 
should be collected for rendering the Institution a center of bibliograph- • 
ical knowledge, whence the student may be directed to any work which 
he may require. 
9. It is believed that the collections in natural history will increase 
by donation as rapidly as the income of the Institution can make pro-
vision for their reception, and, thP-refore, it will seldom be necessary to 
purchase articles of this kind. . 
10. Attempts should oe made to procure for the gallery of art casts 
of the most celebrated articles of ancient and modern sculpture. 
11. The arts may be encouraged by providing a room, free of ex-
pense, for the exhibition of the objects of the Art-Union and other 
similar societies. 
12. A small appropriation should annually be made for models of an-
tiquities, such as those of the remains of ancient temples~ &c. 
13. For the present, or until the building is fully completed, besides 
the Secretary, no permanent assistant will be required, except one, to 
act as librarian. 
14. The Secretary, by the law of Congress, is alone responsible to 
the Regents. lle shall take charge of the buihling and property, keep 
a l'ecord of proceedings, discharge the duties of librarian and keeper of 
the museum, and may, with the consent of the Regents, employ assistants. 
15. The Secretars and his assistants, during the session of Uongress, 
will be required to illustrate new discoveries in science, aud to exhibit 
new o~jects of art. Distinguished indiYidnals should also be invited to 
give lectures on subjects of general interest. 
This programme, wllich was at first adopted provisionally, bas be-
come the settled policy of the Institution. 'rhe only material change 
is that expressed by the following resolutions, adopted January 15~ 
1855, viz: 
Resolved, That the 7th resolution passed by the Board of Regents, 
on the ~uth of January, 1~47, requiring an equal division of the income 
between the actiYe operations and the museum and library, when the 
buildings are completed, be, and. it is hereby, repealed. 
Resolved, That hereafter the annual appropriations shall be appor-
tioned specifically among tile different objects and operations of the 
Institution, in such manner as may, in the judgment of the Regents, be 
necessary and proper for each, according to its intrinsic importance and 






PROFESSOR HENRY, SECRETARY OF THE SMITHSONIAN INSTITUTION, 
FOR 
18 6 9. 
To the Board of Regents: 
GENTLEl\IEN: The Institution intrusted to your guardianship by the 
Congress of the United States, has, during the past year, continued its 
operations in the line of increasing and diffusing knowledge with una-
bated energy. The sphere of its influence in this country and abroad 
has from the first been constantly on the increase, and it is now not too 
much to say that no institution founded oy the liberality of a priYate 
individual ever attained a wider or more favorable reputation. It is 
true, its character is sometimes misunderstood, but this cannot be a 
matter of surprise when we reflect that it differs in many particulars 
from all other institutions, and that without an attentive perusal of the 
annual reports, no adequate idea can be obtained of its varied field of 
labor, or of what it has done and is doing to promote the special objects 
denoted in the will of its founder. It is here sufficient to mention that, 
besides adding to the sum of lmman knowledge by its own operations, 
and connecting its name with the history of almost every branch of 
seience, it has become the general agent through which the intellectual 
labors of the eastern an<.l western hemispheres are brought into efficient 
cooperation. The importance of its labors and the influence of the 
international communication which it has established, can only be _pro-
perly estimated by those who are acquainted with the distinctive char-
acteristics of modern civilization, and who realize the fact that it 
mainly rests on the development of a knowledge of the laws of nature 
and the application of these laws to the uses of life. Science not only 
gives man control over the physical elements, and thus tends to eman- · 
cipate him from the curse of brute labor, but also serves to widen the 
domain of his intellectual activities and enlarge the sphere of his moral 
s,ympathies. By an attentive perusal of the following report, I think it 
will be admitted by all who are competent to form a proper opinion on 
the subject, that what I have claimed for the Institution is not too 
much, and that any departure from the general policy which has been 
constantly pursued from the beginning, would be attended with nnfortu-
ml.te consequences. 
FINANCES.----,At the last session of the Board it was resolved that a 
memorial be presented to Congress, setting forth the large expentli-
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ture to which the Institution bad been subjected by reason of the ac· 
commodation and maintenance of the National Museum, and asking 
that the usual appropriation of $4,000 that bad been made on this 
account be increased to $10,000; also, that $25,000 be appropriated 
toward fitting up the large room in the second story of the main build-
ing, for the better exhibition of the government collections. In accord-
ance with this resolution a petition was prepared, signed by the Chan-
cellor and Secretary of the Institution, and presented to the House of 
Representatives by General Garfield, one of the Regents. It was re-
ferred to the Committee on Appropriations, and although forcibly ad-
vocated by tlle members of the Board belonging to the Bouse, it was not 
granted, and only the usual sum was appropriated. The same memo-
rial has, through the Secretary of the Interior, again been presented to 
~ Congress. The reasonableness of this petition must be manifest when 
it is considered that $4,000 is the sum which the maintenance of the 
museum cost the government when it was in charge of the Patent Office, 
and that since its removal to the Institution it bas increased to three 
times its original size, while the money has depreciated to one-half its 
former value. From an accurate analysis of the accounts it appears 
that the items directly chargeable to the museum during the past year 
amount to $15,000. This sum is exclusive ·of the interest on $144,000, 
which bas been expended since the fire in the restoration of the build-
ing, principally for the accommodations for the museum. Owing to the 
fall in the premium on gold, and the non-payment of interest by the 
State of Virginia on bonds held by the Institution, the income during 
the past year has been less than the estimate by upward of $2,400. It 
has, therefore, been necessary to diminish expenditures in certain direc-
tions, in order to carry out the plan of accumulating a sufficient surplus 
in the treasury at the beginning of the year to defray, in cash, as far as 
possible, all the current expenses. From the report of the Executive 
Committee it will be seen that this plan bas been rigorously carried out; 
that the balance on hand at the beginning of 1870 was nearly $21,000, 
with outstanding bills of $3,000, which is about the amount of indebted-
ness at the commencement of last year. The finances of the Institution 
may, therefore, be exhibited as follows: 
The whole hequest of Smithson in the United States Treas-
ury . ___ __ . ____ . ___ _ . ____________ .. __ .. __________ . _ _ $541, 379 63 
Additions from saYings, &c., also in the United States 
Treast1ry _ . _______________ .. ______ .. __ . _ . ____ . _ . ___ , 
Virginia State stock, ($72,760,) valued at._._. __ . _. __ . __ _ 




TotaL __ . __ . __ · ________ .. ___ . __________ ._______ __ 713,170 45 
Deduct bills due, (about) __ . _______ , ____ c ____ • ________ • 2, 96!) ()5 
Which leay·es, as the present capitaL . _____ . __ . _ _ _ 710, 200 80 
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The income from the Smithson fund durhtg the year 1869, iucluaing 
the premium on gold, was $40,515. 
In a late report from the Treasury Department, giving a list of the 
appropriations of Congress for the District of Columbia, a large amount 
is put down to the Smithsonian Institution. This statement, without 
explanation, would gi,Te an erroneous impression. From the organiza-
tion of the Institution to tlle present time it cannot properly be said 
that the goycrnment has appropriated a single dollar from the pi1blic 
treasury for the Institution. The plincipal "appropriations" mentioned 
in the report in question were not from the public money, but from the 
8mithson fund deposited in the Treasury of the United States. The only 
appropriation from the national tre~sury which might appear to be for 
the benefit of the Institution, is that of $4,000, annually made for the 
care and exhibition of the Go,Ternment Museum, and, also, at o:ue time 
$10,000, and at another $4,000, to erect cases for the better prcserYatiou 
of the specimens; and even in these instances, as has been shown, the 
Institution was far from being reimbursed for the actual expenditure on 
the care of the m useum4 
COOPERATION WITH GOVERN::.\>IENT DEPARTMEN1'S.-It has always 
been a prominent feature in the policy of the Institut,ion to act in unison 
with other iustitutions, and especially to cooperate with the seyeral 
departments ~Lnd bnr<'aus of the general government in all cases in 
which their respective functions would admit of such cooperation. 
It is in accordance with this polic.Y that the extensive and rapidly 
increasing library of the Institution has been incorporated with that of 
Congress, and that a similar arrangement, mentioned in the last report, 
for transferring to the Department of Agriculture the large Smithsonian 
herbarium, has been completed. It is also in accordance with this policy 
that an arrangement bas been made with Surgeon General Barnes by 
which all the crania and other of the osteological specimens of the In-
stitution have been transferred to the Army M4t3<lieal :Museum. 
These cooperations, while they relieve the Institution from the expend-
iture of more than $10,000 annually, and thus· enable it to more vigor-
ously prosecute its researches, to publish a larger number of contribu-
tions, and to extend its system of international exchanges, tend also to 
increase the amount of seientific material in the capital of the United 
States, as well as to facilitate its employment in the advanee and diffu-
sion of knowledge. 
This Institution and its collaborators have the use not only of its 
books deposited in the Capitol, but also that of those in the National 
Library, as may be seen by the terms of the deposit given in a previous 
report. Also, agreealJly to the terms upon which the plants were trans-
ferred, they are accessible to the public for practical or educational 
purposes, and to the Institution for scientific in \'estigation. Further-
more, a botanist approved by the Institution has been appointed, who 
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is to have charge of the specimens mid be ready at all times to give 
botanical information that may be required by the general public or by 
the Smithsonian correspondents. :Moreover, in return for the specimens 
transferred to the Medical Museum the Institution receives from the 
officers of t4.e army all collections made in ethnology and in special 
branches of natural history. 
PuBLIC.A'l'IONS.-The publications of the Institution form an essential 
part of its operations and constitute the principal basis of the great sys-
tem of Smithsonian international exchanges. As has been frequently 
stated in previous reports, they are of three classes : the Contributions 
to Knowledge, the Miscellaneous Collections, and the Annual Reports. 
The first consist of memoirs containing positiv-e addititms to science 
resting on original research, and ',vbich are, principally, the result of 
investigations to which the Institution has in some way rendered assist-
ance. The Miscellaneous Collections are chiefly composed of works 
intenued to facilitate the study of ethnology, natural history, and mete-
orology. They are designed to facilitate the progress of those who en-
g-age in spqcial studies, to which, in their leisure moments, their thoughts 
may recur, and in connection with which, while contributing to their 
own pleasure, they may advance the cause of science. The Annual 
Heports, besides giving an account of the operations of the Institution, 
furnish, in an appendix, matter of imJJOrtance to the meteorological 
observer and of interest to the general public. The Contributions and 
lVIiscellaneous Collections are published at the expense of the Smithson 
fhnd, while the Reports, with the exception of the illustrations, are 
printed by the government. 
The following is a list of the quarto publications that have been 
printed during the present year: 
1. On the Gray Substance of the J\feclulla Oblongata and Trapezium. 
By ,John Dean, M. D. 
2. On the Orbit and PJ:tenomena of a Meteoric Fire-ball, seen July 20, 
1860. By Professor J. H. Coffin, I.-~L. D. 
3. On the Transatlantic J~ongitude. By Benjamin A. Gould. 
4. The Indians of Cape Flattery, at the Entrance of the Strait of Fuca, 
Washington Territory. By J. G. Swan. 
5. Systems of Consanguinity and Affinity of the Human Family. By 
Lewis H. l\1organ. 
G. On the Gliddon :Mummy Case iu the l\Inseum of the ·Smithsonian 
Institution. By Chas. Pickering. 
7 . .r\ new edition of Brewer's North A .. merican OOlogy. 
Of these Nos. 1 to 6, together with Hildreth's and Cleveland's Meteor-
ological Observations, previously described, form the 16th volume of 
Smithsonian Contributions to Knowledge, which will be distributed to 
the foreign correspondfmts of the Institution in the next invoice, and, 
aR soon as an additional number can be bound, to the public institutiou8 
of this country. 
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The following are the titles of the articles of the octavo series that have 
been printed during the year, or are now in press: 
1. Land and Fresh Water Shells of ~ orth America. Part I. By W. 
G. Binney and T. Bland. 
2. Photographic Portraits of North American Indians in the Gallery 
of the Smithsonian Institution. 
3. List of Foreign Correspondents of the Smithsonian Institution. 
New and enlarged edition. 
4. Directions for Collecting, Preserdng and Transporting Specimens 
of Natural History. Prepared for the use of the Smithsonian Institu-
tion. (New edition.) 
5. Tables, l\1eteorological and Physical, prepared for the Smithsonian 
Institution. By A. Guyot, P. D., LL.D. (New edition.) 
6. Circular in Reference to the Degrees of Relationship among Differ-
ent Nations. (New edition.) 
At the request of the Institution the preparation of the Manual of the 
Land and Fresh 'Vater Shells of North America was undertaken by vll. 
G. Binney. Tlte second and third parts of this work were published 
some years ago, and have been described in previous reports. The 
first part, which completes the work, was issued during the year 
186D, and fo:rms by itself a volume of 328 pages, illustrated with many 
woodcuts. The work was at first undertaken by Mr. Binney alone, but 
be afterward, in this part, associated with himself l\1r. Thomas Bland, of 
New York. It contains a description of all the species of land shells 
kuown in January 1868, within the geographical limits of North Amer-
ica, from the extreme North to the Rio Grande and Mazatlan. It is con-
sidered a valuable contribution to the study of conchology and is in 
great demand among those interested in the pursuit of this branch of 
natural history. 
From the stereotype plates of these octavo works, from which impres-
sions have been printed and separately distributed in pamphlet form, two 
additional volumes of the 1\-fiscellaneous Collections have been made up, 
and are nearly ready for distribution. 
On account of the great outlay for the building during the last few 
years, the appropriations for publications have been restricted; yet from 
the foregoing it will be seen that we shall be able to distribute in our 
next foreign invoice one quarto and two octavo volumes, which, with 
the Annual Report, will make four volumes of publications issued dur-
ing 1869. 
A brief account bas been given in previous reports of the contents of 
all the papers forming the 16th volume of Contributions, excepting the 
Gliddon l\iummy Case, the Indians of Uape Flattery, and the Trans-
atlantic Longitude. 
The first of these is by Dr. Charles Pickering, of Boston, one of the 
ethnologists of the United States Exploring Expedition, under Admiral 
Wilkes. It relates to an interesting specimen of Egyptian archreology 
2s 
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presented, in 1842, by Mr. Gliddon, the Egyptologist, to the national 
collection now in charge of the Smithsonian Institution, but at that time 
in the United States Patent Office. It consists of a part of the lid of 
a mummy case procured at Sacara from an Arab. It does not bear any 
inscription by which its date can be determined, but it is supposed by Dr. 
Pickering to belong to a very early period, and to be among the oldest-
if not the very oldest-of specimens of hieroglyphic writing known. 
The earliest writing, of ascertained date, was executed in the third dy-
nasty from 3110 to 3080, B. C. ; but, according to Dr. Pickering, the 
writings on the mummy case in the Institution are of a style different 
from, and clearly anterior to, that executed in the third dynasty. To-
ward the beginning of this era, on the authority of Manetho, writing 
was improvell, and as all improvements of this kind have tended in the 
direction of an increased facility, this mummy case at least seems to 
have preceded such a change. The lid was divided by Mr. Gliddon into 
three parts ; the first part is the one just described, the second was pre-
sented to the Naval Lyceum of Brooklyn, the third to Mrs. v\"'" ard, of 
New York. Diligent though unsuccessful inquiry has been made for the 
missing parts, in order to have them also figured and described; and 
now, through this report, attention is again called to the subject, with 
the hope that, if the other portions of the lid are still in existence, in-
formation of the fact may be communicated to the Institution. The 
part of the lid above described is represented on a large plate which 
presents a fac-simile of the figures as to size and color. 
The second undescribed paper is that on the Indians of Cape Flattery, 
which, there is no doubt, will be considered an interesting contribution 
to ethnology. It was prepared, at the request of the Institution, by Mr. 
James G. Swan, an agent of the United States government, who had 
long resided with the tribe of which he has given an account. This 
tribe occupies the extreme northwestern part of Washington Territory, 
opp<_>site Vancouver's Island, from which it is separated by the Strait of 
~""~uca. The paper contaihs a full account of the manners and customs 
of these Indians, and a description of their implements, utensils, cloth-
ing, modes of travel, fashion of constructing houses, &c. It also gives 
a minute account of the festivals and ceremonies of these Indians, and 
of the various myths with which these are connected. Among other 
singular superstitions is that of the resurrection, as it were, of the flesh 
of the body but not of the bones, which are left in the graves; that 
the spirit world is in the center of the earth, where the inhabitants are 
somewhat incommoded by the want of the osseous part of their bodies. 
The memoir is illustrated by a large number of woodcuts, most of them 
copied from specimens now in the museum of the Institution. In the 
absence of the author of the work it was edited by George Gibbs, esq., 
who bas added occasional notes, and also a vocabulary of the Makah 
tribe, furnished by Mr. Swan. 
The t.hird memoir to be described is the report of Dr. B. A. Gould on 
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the Transatlantic Longitude. The principal results of this investigation 
were communicated by Dr. Gould to the meeting of the National 
Academy of Scienees, during its session in 18G7, and the report in full 
was presented to the Institntion for publication, with the consent of the 
Superintendent of the Coast Survey, Professor Peirce, iu February 
18G!:I. It relates to the determination of the difference of lougitude 
between England and America, by means of the electro-magnetic tele-
graph. This method was first practically applied in the Coast Survey 
of the United States, between places in this country, and received its 
full development in this great national work before it began to be used 
elsewhere. Previous to the introduction of this method, three others 
had been employed on the Survey. First, that of observations of the 
time of the cu1mination of the moon at the two places between 'Yhich 
the difference of longitude, or, in other words, of time, was to be deter-
mined; second, that of observing the times of beginning and ending of 
eclipses of the sun and of occultations of known stars by the passage 
over them of the moon; and third, that of transporting a large number 
of chronometers between England and America a number of times in 
succession and obtaining the average difference of time as indicated by 
the whole series. The determinations of the transatlantic longitude 
which have been obtained by these methods have been generally re-
ferred to the Capitol at Washington and the Observatory at Greenwich, 
England, as standard points. From the several methods just men-
tioned, and also from that of the electro-magnetic telegraph, the fol-
lowing results have been obtained : 
From eclipses and occultations the difference in time 
between the dome of the Capitol and the Greenwich 
Observatory is-- ....... -... - ' . - .. - .... --.- ... --.. 5h sm 148.86 
From moon culminations the difference is. . . . . . . . . . . . 5h sm 105.12 
From the transportation of chronometers the difference 
is.- ... ' - .. - ... -. . ........ - ..... --- .. • . . ' .. · .... -. 5h sm 128.30 
From the transmission of electricity through the cable, 
and the use of the electro-magnetic telegraph, the dif-
ference WaS fOUnd tO be ...... ,,................... 5h sm 128.45 
By the last method the difference of time between the ends of the 
cable was probably determined within the fraction of a second, but as 
the signals could not be sent directly between Greenwich and Washing-
ton, a somewhat greater departnre from the actual difference must be 
a11owed. This difference is, however, very small, not exceeding, per-
haps, a single second. 
The process of ascertaining the difference of t.ime, or in other words, 
the difference of longitude of two points, by means of the telegraph, 
consists in transmitting a series of signals either way through the con-
ductor, and in observing the exact time of the appearance of the signal 
at one station, while its time of starting is registered at the other. If 
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the transmission of the signal were instantaneous, the difference of time 
observed would be the exact difference of longitude; but if any time 
elapses between the making of the signal at one station and its appear-
ance at the other, the difference of time will be greater than the true 
time when the signal is sent eastward, and less than it when sent west-
ward. If the velocity of transmission be the same in both directions, 
the true difference of longitude will be obtained by taking the mean of 
two sets of differences, the one giving the longitude as much too great 
as the other gives it too small. 
From experiments on the velocity of transmission of electrical im-
pulses through long conductors, it is probable that the first part, as it 
were, of the electrical wave reaches the distant station in an inappre-
ciable moment of time, but that in order to overcome the inertia, and 
give perceptible ~motion to the signal apparatus, an accumulation of 
power is required. The time necessary to this accumulation will 
depend on the weight, and other causes of resistance in the apparatus, 
- and also on the intensity of the electrical current; hence, the two instru-
ments ought to have precisely the same degree of sensitiYeness, and the 
battery during the continuance of the experiment should retain the same 
electro-motive power. 
The method of telegraphing, employed with the cable, is that devised 
by Sir William Thomson, of Glasgow, and is founded on the applica-
tion of the principle of reflection first applied to instruments of pre-
cision by our countryman, Joseph Saxton, of the Coast Survey. It 
consists of a mirror of about half an inch in diameter, to the back of 
which is attached a small magnetic needle, the joint weight of the two 
being less than one grain, which is suspended, by a single fiber from 
the cocoon, in the center of a coil of many spires of fine wire, forming 
part of the galvanic circuit. Upon this mirror is thrmYn a beam of 
light t.hrough a slit in front of a bright. kerosene lamp, and the deflec-
tions of the needle are noted by the movements of the reflected beam 
received upon a slip of white paper. The exquisite delicacy of this gal-
vanometer, as well as the conducting power of the telegraphic cable, 
may be appreciated from the result of an experiment in which signals 
were sent from Ireland to Newfoundland, a distance of 2,160 miles, by 
means of a battery composed of an ordinary percussion gun cap, in 
which was inserted a morsel of zinc and a drop of acidulated water. 
For determining the :time in these observations, a small transit instru-
ment, a chronograph, and an astronomical clock were required at each 
station, for the accommodation of which a temporary observatory was 
erected. The observations on the American side were in charge of Mr. 
G. W. Dean, with the assistance of Mr. E. Goodfellow, while those on 
the coast of Ireland, as well as the general direction of the enterprise, 
-were under the charge of Dr. Gould, assisted by Mr. A. T. J\1:osman. 
The use of the cable was freely granted by the Anglo-American Com-
pany, and Dr. Gould received from the astronomer royal, Dr. Airy, and 
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the electricians of the company, all the facilities and assistance neces-
sary to the undertaking. The report contains a series of investigations 
relative to the time of transmission of signals, and other poir~.ts, which 
~an only be properly understood by a study of the work itself. 
The Annual Report for the year 1868 was printed, as usual, by order 
of Congress, and the extra number of ten thousand copies ordered. I 
would again urge upon Congress the propriety of increasing the num-
ber of copies, since the demand has become so great that it is impossi-
ble, with the number above mentioned, to meet the applications for them 
of the correspondents of the Institution or of the constituents of the 
members of Congress themselves. 
In addition to the report of the Secretary giving an account of the 
operations, expenditures, and condition of the Institution for the year, 
and the proceedings of the Board of Regents, it cont&ins the following 
articles: List of Smithsonian meteorological stations and observers in 
North America and adjacent islands, from 1849 up to the end of 18G8; 
lVIemoirs of Cuder, and history of his works, of Oersted, Schonbein, 
Encke, and Hodgkinson ; A .. rticles on recent progress in relation to the 
theory of heat; Principles of the mechanical theory of heat; Continu-
ous yibratory movement of all matter; Radiation ; Synthetic experi-
ments relathre to meteorites; Catalogue of meteorites in Yale College; 
The electric resonance of mountains; Experiments on aneroid barome-
ters ; Anniversary address of the president of the Royal Society of 
Victoria; Report of the transactions of the Society of Physics and 
N atnral History of Geneva, and of the Anthropological Society of Paris; 
An original communication on drilling in stone without metal, and on a 
deposit of agricultural flint implements in Southern Illinois, by Charles 
Rau; Notice of the Blackmore :Museum, England; Programmes of 
several foreign societies; An account of the assay of coins at the United 
States Mint; Table of foreign coins; and a complete list of the publi-
cations of the Smithsonian Institution. 
INTERNATIONAL EXCHANGES.-The two objects of the bequest of 
Smithson, as briefly, though Clearly, expressed in his will by the terms 
''increase" and "diffusion" of knowledge, are both fully provided for in 
the plan of organization. The increase of knowledge is principally effect-
ed by the researches that are instituted at the expense of the Smithson 
fund in the various branches of science, and the diffusion of know ledge 
by the publication of the results of these researches and their distribution 
to all the principal libraries of the world, and still more generally by 
the great system of international exchange which has been established. 
The effect of this systt>m, in its present enlarged dimensions, in the ''"ay 
of facilitating direct correspondence between the scientific men of the 
Old and New W oriel, can scarcely be overestimated. 
During the year that has just closed, 1, 734 packages, containing many 
thousand difierent articles, have been transmitted· to 1,5G9 parties iu 
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foreign countries. These packages were contained in 112 boxes, having 
a cubical content in the aggregate of 1,033 feet, and weighing 23,376 
pounds. . The packages were not only from institutions within the limits 
of the United States, but also from those in Canada, Central and South 
America. The parcels received at the Institution for parties in this 
country numbered 2,600, about one-third more than were received during 
the preceding year. The separate volumes, parts of volumes, and pam-
phlets contained in these parcels would amount to many times the num-
ber just given, those for the Institution alone amounting, as will be sub-
sequently stated, to 5,555. When it is considered that these works are 
the published original records of the discoveries of the day in the various 
branches of science; that they mark the progress of man in a higher 
civilization, and that the system of exchange tends to unite in one effort, 
as it were, the lahors of those who are endeavoring to enlarge the bounds 
of knowledge, it is impossible to couceive of a . system more efficient or 
better calculated for realizing one of the conceptions of Smithson, that 
of diffusing knowledge among men. 
The exchanges thus far have principally been confined to books, 
although largenumbersofspecimenshave been sent abroad on the part of 
the Institution. Full returns have not yet been asked for these, but one 
of the conditions on w.hich the specimens are given is that whenever the 
government shall see fit to make provision for the full support of a 
national museum, then specimens will be required in return. It is 
proper to state, however, that in all cases in which the Institution has 
signified its desire to obtain specimens for special investigations, or 
for the illustration of a particular subject, such as geology and anthro-
pology, liberal responses have been made. 
The Smithson packages, with the single exception of those for Italy, 
are passed through all the custom-houses of the world free of duty and 
without examination; and this exception will, we thinlr, be removed as 
soon as the negotiations now in progress are eompleted. Efficient aid 
during 1869, as in previous years, has been rendered the Institution in 
the transportation of its packages to and from the United States, free 
of charge, by the following companies, viz: The Pacific Mail Steamship 
Company, North German Lloyd, Hamburg American Steamship Com-
pany, General Transatlantic Steamship Company, Pacific Steam Navi-
gation Company, Inman Steamship Company, Cunard Steamship Com-
pany, California and Mexico Steamship Company, Panama Railroad 
Company, Mexican Steamship Company, Union Pacific Railroad, United 
States and Brazil Steamship Company, North German Lloyd, (Balti-
more line,) and the Atlantic l\iail Steamship Company. It gives me 
much pleasure to make this public statement in· regard to an act which 
deserves commendation, not only on account of the liberal spirit which 
it manifests, but also on that of the enlightened appreciation which it 
evinces of the objects of the Institution. Notwithstanding the aid 
which has been thus liberally extended, tlJ,e cost of ili.e exchanges now 
amounts to about $5,000 oer annum. 
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The following are the centers to which the Smithson invoices are 
consigned: Leipsic, care of Dr. Felix Flii.gel; London, care of William 
Wesley; Paris, care of Gustave Bossange; Amsterdam, care of Frederic 
Mii.ller; Milan, care of L. dell' Acqua; Christiana, care of Professor 
Holst, of the University. The packages for Asia, Africa, and Oceanica 
are principally sent through London or the American Missionary Socie-
ties. The invoices to South America are forwarded, through the gra-
tuitous services of Mr. Hillier, of the New York custom-house, by 
regular trading vessels from that city. 
In 1867 a proposition was made to tb.e Institution by the Librarian of 
Congress relative to establishing and conducting a system of exchange 
of official documents between the government of the United States and 
that of other nations. In accordance with this, a circular was addressed 
to the different governments having relations with tke United States 
for the purpose of ascertaining their views as to such an exchange. ln 
every case the proposition was regarded with favor, and at the ensuing 
session of Congress an act was passed directing that fifty full sets of alr" 
documents published at the Government Printing Office should be set 
apart for the purpose in question, and appropriating a sufficient sum to 
defray the necessary expenses. Unfortunately, however, Congress 
neglected to direct the Public Printer to strike off the copies requisite 
for this purpose, in addition to the regular number previously required 
for the use of the government, and it was not until recently that the 
necessary legislation was procured to remedy this omission. As soon 
as the printing and binding of the documents of t.he last session of 
Congress are completed the proposed exchange will be initiated. In 
anticipation of the receipt of the annual supply <if the documents of 
our government, several large packages containing documents of foreign 
countries have been already received. 
On account of the large additions that have been made of late years 
to the number of societies and other parties in correspondence with tbe 
Institution, a new and revised edition of the list of the former became 
necessary, and this was prepared during the last year. In order to 
insure accuracy in the titles and localities of the various establish-
ments, proof-slips of the list were sent to the leading foreign societies 
through our agents, and also to the diplomatic representatives in this 
country. In an cases prompt attention was given to our request, and 
many important corrections and suggestions were receiYed. This list, 
which now num hers 1,587 literary and scientific establishments, is not 
only essential to the Institution in addressing its foreign packages, but 
also, for a similar purpose, to the libraries and societies in different parts 
of the United States, Canada, anrl South America. 
LIBRARY.-The works, which have been received from all parts of the 
'\\Orld in exchange for the publications of the Institution, after being 
recorded are transferred to the National Library, agreeably to the 
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arangements described in former reports. The following is a general 
statement of the number of books, maps, and charts received through 
exchange during 1869: 
Volumes: 
Octavo............................ . . . . . . . . . . . . 946 
Q aarto .. _ - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245 
Folio ...................... _ . . . . . . . . . . . . . . 43 
1,234 
Parts of volumes and pamphlets: 
Octavo .................. ·. . . . . . . . . . . . . . . . . . . . . . 3, 238 
Quarto. - .................................. ,. . . . 709 
Folio. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142 
4,089 
l\'Iaps and charts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232 
Total ............................................. ·_ . . 5, 555 
Of the larger donat.ions received during the year in question are the 
following: 
From Iceland Foundation Library, Reikiavik, 44 volumes and 12 
pamphlets. 
Swedish Academy of Sciences, Stockholm, 56 volumes and 5 pam-
phlets. 
From the Emperor of .A.ustria, 8 volumes and 9 charts. 
Public Library, Stuttgart, 118 volumes. 
University, Greifswalde, 114 pamphlets, Inaugural Dissertations. 
From the Institut•de France, 31 volumes. 
l\finistere de la Marine et des Colonies, Paris, 6 volumes and 40 pam-
phlets. 
Commission Imperiale de !'Exposition Universelle de 1867, Rapports 
du Jury International, volumes r-xnr. 
Societe de Statistique, Paris, 13 volumes and 28 pamphlets. 
Academie de Montpellier, Faculte de Medecine, 22 volumes, Theses. 
From the Society of Engineer-;, London, 8 volumes, Transaetious. 
British l\1useum, 9 volumes and 8 pamphlets. 
RoyalArchffiological Institute of Great Britain and Ireland, 20volumes, 
Journal. 
From the Bombay Government, 15 voln_mes, Selections fi'om the 
Records of the Bombay Government. 
National University, Athens, Greece, 37 volumes and132 pamphlets. 
Legislative Assembly of Canada, 17 volumes. 
State of Minnesota, 6 volumes, Plate, Documents. 
0. lVI. Hovey, editor Boston Magazine of Horticulture, Botansr, &c., 
35 volumes. 
The Smithson books have been well cared for by .Mr. Spofford, the 
efficient Librarian of Congress. Several thousand have been bound, 
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and a large number are now in the hands of the binder, each \Olurne 
being marked on the back with a stamp indicating that it is a Smithson 
deposit. 
In the arrangement of theN ational Library the publications of learned 
societies, of which the Smithson books principally consist, form one 
chapter of the general collection, which occupies the greater portion of 
the south wing of the western projection of the Capitol. It is desired 
by the Institution, as well as by the National Library, that this collec-
tion should be a~ complete as possible in the publications of all learned 
societies which have existed from their first establishment in Italy, about 
tbe middle of the sixteenth century, until the present ·time. Through 
the kindness of the older societie~ of Europe a larger collection of their 
publications has been made by this Institution than was ever before 
formed in this country, or, with few exceptions, in any of thP. cities of 
the Old "\Vorld. Still, there are many series wanting, and several of 
those now in our possession are defective; exertions will therefore be 
made, through our correspondents, to supply deficiencies. The value of 
the scientific collections as well as of the general library will be much 
enhanced by the catalogue of books, and particularly that of sul~jects now: 
in progress, and which, as we are informed, will be completed during the 
present year. The third volume of the index of scientific papers, pre-
pared by the Royal Society of London, has been printed and will soon 
be distril.mted. Tlw completion of this great \York will hav-e an import-
ant influence on the use of the National Library, to which it \Viii be 
especially applicable. 
The national library has increased so rapidly during the past three years, 
that the three-fold space allotted to it in the Capitol is now insuftlcient for 
its accommodation. Further room, as we learn, has been asked for, 
and we would suggest that this might be best secured by the erection 
of a separate building, in whose plan of construction should be incor-
porated all the lateRt improvements for the usc and protection of books. 
But whatever may be done in this way, greater facilities than now 
exist for the consultation of the library should be afforded, by making 
it accessible in the eYenings to those who are precluded from the use of 
its collections by their official occupation during the hours at which it 
is now open. 
GALLERY OF ART.-lt was stated.in the last rr,port that l\Ir. \V. vV. 
Corcoran, with an enlightened liberality only commensurate with his 
me~wH, had resoh·ed to found in Wasbiugtou an institution e:s:clush·ely 
devoted to art. Tbis clesign,wbich would long since haYe been carried into 
execution, was interrupted by the war, the building erected for the pnr-
posehavingbeen applied totheusesofthegoYernment; but weare gratified 
in being able to state that the possession of it has been restored to ~Ir. 
Corcoran, aml that he has placed it in charge of trustees, who are to fill 
vacancies in their board and direct all the affairs pf tlle ~stablishment. 
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he gallery will probably be open for exhibition to the public and to 
tudents in art during the present year. The establishment of this col-
ection, as we have said in a previous 1"eport, will obviate the neces-
sity of expending any of the funds of the Institution in supporting a 
mtioual gallery, and I would suggest that the same policy which has 
directed the transfer of the library, the herbarium, and osteological ' 
specimens to the National Library, the Agricultural Department, and 
the :Medical Museum, be also extended to the Corcoran Gallery. The 
Institution has a number of pictures and a large collection of plaster 
busts, which ar~ scarcely in place in the midst of specimens of natural 
history, but which would produce a better effect in connection with other 
works of art of a similar character. There need be no danger as to 
impoverishing the Institution by this liberal policy, since it is in reality 
but another method of increasing its usefulness. 
The saYing which is made by transferring the keeping of the library 
and botanical collections can scarcely be estimated at less than $12,000 
per anuum, a sum which adds to the efficiency of the Institution in the 
way of increasing, by the exchange of its products, the collections of 
.objects of nature and art in the national capital, besides adding to the 
intellectual wealth of the whole country. 
MusEUM.-During the past year the space occupied by the museum 
has been enlarged by appropriating to it the portion of the building 
k11own as the western connecting range, which consists of a room 61 
feet long by 38 feet wide. On either side of this room has been erected 
a row of (seven) upright cases, and in the middle a series of tables ex-
tending tlle whole length of the apartment. The upright cases on the 
south side have been entirely :filled with ethnological specimens from 
Uhina and Japan, comprising the presents from the governments of these 
countries to the President of the United States. In the ca.ses on the 
north side is arranged a large and valuable collection of the dresses of 
the Indians of the northwest coast and of the Esquimarix of North 
America. The table cases are also :filled with ethnolo-Jical specimens, 
among which are many exhibiting the rarer specimens of Indian work-
manship, .and also those of prehistoric times, from the explored caverns 
of France, presented by Professor Lartet. 
During the year 1869, 3DO packages, containing many new specimens 
and thousands of duplicates, haYe been received at the Institution, and 
of these, as far as time would permit, a single choice series has been 
selected for the museum; the remainder are placed aside to be classified 
and made up into labeled sets for distribution. In pursuing this policy, 
to which tlle Institution is bound by its office of curator of the govern-
ment collections, it is impossible to restrict the increase of the museum, 
and now. notwithstanding the great number of specimens that h3Ye 
been giv~n away, nearly the whole of the available space in the building 
is filled to overflowing. An appropriation for :finishing the large hall in 
REPORT OF THE SECRETARY. 27 
the second story is, therefore, very desirable, but as this room is wanted 
for the accommodation of the National Museum, and not for the uses of 
the Institution, it would be highly improper to finish it by a further en-
croachment up.on the capital of the Smithson fund. 
we have mentioned in a previous report that the architecture of the 
large room, in which the specimens are at present exhibited, is not well 
adapted to an advantageous display of many of the articles, since a 
considerable portion of the space is occupied by two rows of colossal 
columns, between which and the walls the cases, forming alcoves, are 
placed. The ceiling, however, of the hall in the second story is to be 
attached to the long, iron girders which span the space from wall to 
wall, and it will not, therefore, require the introduction of columns. It 
is hoped that in the finishing of this room the primary object of its use 
will be kept in view, namely, the exhibition of specimens. There is 
pleasure in perfect adaptation as well as in ::esthetical effect; the two, 
however, are not incompatible, and a proper conception of the true 
spirit of architecture will never sacrifice the former to obtain the latter. 
Since the date of the last report the museum has been increased by 
specimens in every branch of natural history and ethnology, especially 
in those of ornithology and the products of the explorations of mounds. 
An unusual amount of labor has also been expended on the specimens 
during the same period. The large number of birds in the drawers, as 
well as those on exhibition, have been re-poisoned to prevent the attack 
of insects, while those in the cases have been furnished with new stands, 
and their plumage brightened by washing them with benzine. The cases 
themselves have been repaired and painted. The mounting of the 
arclueological collections on boards, and the repairing of the articles of 
pottery, have been continued, and are now nearly completed. The speci-
mens of quadrupeds belonging to the older collections of the govern-
ment present rather an unsightly appearance, through injury by insects 
before they were brought from the Patent Office, and because they were 
not \Yell prepared. Many of them, however, are very rare, and should 
be kept until better specimens can be obtained. 
No small amount of labor is required, in a large museum, to keep up 
a descriptiYe catalogue of the various articles it recei:ves, and to this 
work alone the entire time of a clerk niight properly be devoted. The 
whole number of entries in the catalogue of the National Museum is 
now 158,662; and of these 16,265 were made during the last year, while 
of the specimens of the general collection of which no types have been 
selecte<l for exhibitio~ many thousands of entries yet rem~tin to be in-
serted. 
By the co-operation previously alluded to in this report, the Army 
Medical Museum, the Museum of the Agricultural Department, and the 
National Museum are rendered supplementary to each other, each col-
lecting and preserving articles that are not contained in the others. 
The Commissioner of Agriculture, General Capron, has shown much 
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zeal and good faith in carr3-·ing out the conditions pre\riously mentioi1ed, 
on which the transfer of the plants was made, by fitting up a spacious 
room with cases which contain 600 separate compartments for the recep-
tion of as many different families of plants, and by appointing a bot-
anist fully approved by the Institution. Dr. Parry, the botanh;t in 
question, was a pupil of Dr. Torrey, and for the last twenty years has 
been engaged in various government explorations, mostly in the western 
part of the United States. He was warmly recommended by the firt:lt 
botanists of the country, and, I doubt not, will discharge tho duties of 
his office to the satisfaction of all interested in the advancement of this 
branch of natural history. He has begun to arrange the plants in sys-
tematic order for immediate reference, and finds the number of species 
to be about 15,000, included in 25,000 specimens. The additions that 
have been made to the collection during the past year, embracing those 
which have been supplied by the Institution and the Department itself, 
according to Dr. Parry number 8,000 specimens, including 3,000 species. 
Besides the specimens of dried plants transferred to the Agricultural 
Department, a large and interesting collection of woods, from :Mexico 
and South America, h~s been added to the deposit. 
LECTURES.-Previous to the fire whieh destroyed the uppei' portion of 
the main building, in 1865, courses of free lectures were given by the 
Institution to the visitors and citizens of Washington. These at first, 
or as long as the novelty continued, were well attended, but in time, 
owing, in part, to the difficulty of access, in the winter season1 to the 
building, and the absorption of the public mind by the events of the 
war, the interPst diminished, while the management of the system be-
eame much more difficult, inasmuch as it was impossible to prC\Tent the 
introduction of political subjects. The call, however, on the part of the 
citizens for lectures has lately been renewed. But it must be evident, 
on a little reflection and from past experience, that the original plan 
cannot again be adopted without great inconvenience and au expense 
not commensurate with the value of the results produced. In order, 
however, to assist in the establishing in this city, duting the present 
winter, of a course of lectures on scientific subjects, and at a low price 
of admission, it has been thought advisable to grant a moderate ap-
propriation to the Young Men's Christian Association, to enable it to 
secure the services of distinguished popular lecturers. The building 
which has been erected by this society not only seryes as an ornament to the 
city, but supplies a want long felt in affording a spacious hall for lec-
tures, conventions, &c. The lectures to which· the Institution con 
tributed were of a scientific character, requiring expensive illustration, 
and, therefore, though they were well attended, they could not have 
been given at the low price charged for admission, had not aid been 
afforded. 
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EXPLORATIONS AND COLLECTIONS INN A.TURAL HISTORY.-In this re-
port, as in other of the Smithsonian reports, a distinction is made between 
the collections of the Institution and those of theN ational Museum under 
its charge. The former consists of the large number of specimens (in some 
instal!-ces including hundreds of duplicates of rare as well as of more com-
mon species) which ha-ve been collected under the auspices of the Institu-
tion or through its special agency. These are studied and classifieu by 
experts for the formation of monographs and the determination of species 
anu their geographical distribution; or, as is the case in ethnological speci-
mens, are compared for the purpose of tracing anthropological peculiari-
ties; and, finally, made up into properly labeled sets for distribution to 
museums in this country and abroad. The organization of explorations 
and the collection of specimens would be important parts of the oper-
ations of the Institution were it entirely disconnected from the National 
Museum. Natural history and ethnology are interesting branches of 
knowledge, and justly merit a portion of the Smithson patronage; but 
the National Museum has no just claim on the Institution other than for 
a perfect series of all the duplicates collected; and it is too much to ask, 
in addition to this, that the Smithson fund should continue to provide 
it with house-room, and, in a large degree, with attendance. The dis-
tinction we have made is an ob-vious one, though it may be difficult, in 
some instances, to draw a line between the specimens in the museum and 
those of the Smithsonian collections. 
Explorations and collections in Natural History have been con-
tinueu, as in previous years, by the Institution alone, or in connection 
with other establishments. In gi-ving an account of what has been done 
under this head, the geographical order adopted in other of the Smith-
sonian reports will be followed. 
Northwest Coast of America.-Mr. McFarlane and Mr. McDougal still 
continue to collect specimens of the natural products of the Mackenzie 
River district. Mr. Ferdinand Bischoff has kept up his researches in 
Alaska, first at Kodiak, then at Kenai. Major General George H. 
Thomas, of the United States Army, has rendered especial ser-vice in 
collecting in the same region specimens of coal and of zoOlogy. The 
remainder of the natural history collections of Mr. Dall, referred to 
in the last report, has been received and found of much interest as an 
illustration of the natural productions of our new possessions in the 
Northwest. His collections in ethnology will be mentioned fnrther on. 
Captain C. M. Scammon has continued his explorations, and has pre-
sented interesting collections from Alaska and Puget Sound, in addition 
to several eommunications relative to the natural history and habits of 
the seals of the adjacent coast. Dr. Minor has also continued his valu-
able contributions from the same region. 
Western United States.-The geological survey of the fortieth parallel, 
under Mr. Clarence King, referred to in the last report, has been con-
.tinued during this year, and the collections made in zoology, botany, 
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mineralogy, and geology, ha,-e been deposited in the Institution. They 
~~re now in process of examination, and au account of them will be giYen 
in the ·valuable report of 1\Ir. King, which Congress has ordered to be 
printed. At the last session of Congress an appropriation of $10,000 
was made for the continuance of the geological sur,-eys of Dr. F. V. 
Hayden. He was instructed by the Department of the Interior, under 
whose direction the money was to be expended, to examine especially 
the geology, mineralog,y, and agricultural resources of the Territories of 
Colorado and New :Mexico. The exploration began at Cheyenne, \Vy-
oming Territory, and was continued through Denver, the silver and 
golu miuiug regions of Georgetown and Central City, the 1\Hddle Park, 
Colorado City, anu Fort Union to Santa Fe, returning to Denver by way 
of the San Luis Valley and South Park. In the language of the Secre-
tary of ihe Interior, "this exploration, though brief and rapid, was emi-
nently successful, and the collections in geology, mineralogy, botany, and 
zoOlogy were extensive." These collections have been deposited in the 
Institution, from which they will be sent for examination to persons who 
have made special study of the branches of natural history and zoOlogy 
to wllich the specimens pertain. 
JJicxico and Central A.merica.-The explorations of Colonel Grayson, 
in Northwestern :Mexico, spoken of in previous reports, were couti11ued 
in the early part of the year, and an additional series of specimens 
transmitted to the Institution. It is, however, with deep regret we haYe 
to announce that the labors of this enthusiastic and enterprising nat-
uralist were suddenly terminated by death, from fever contracted in an 
attempt to explore the Island of Isabella. By his decease the Institu-
tion has lost a highly-valued corresponuent, and the cause of science a 
successful cultivator. lie devoted many years of his life to the devel-
opment of the natural history and physical geography of Northwestern 
:Mexico and the adjacent islands; and it is much to be regretted that he 
had not lived to complete the work in which he was so much interested. 
The explorations of Professor Sumichrast, on the Isthmus of 'J;ehuan-
tepec, ha,ye been nearly COmpleted, and the large number Of \Yell-pre-
served specimens in all branches of zoOlogy, received at the Institution 
from this region, attest his continued enthusiasm and persevering iu<lus-
try. From our veteran correspondent, Dr. C. Sartorius, of 1\lirador, 
important collections baye been receiYed during the past year. 
South A.mericn.-J\fr. Hudson, of Buenos Ayres, and 1\lr. Reeve, of 
Ecuador, have furnished a continuation of the results of their orni-
thological explorations in these localities, while an interesting series of 
the birds of Demerara bas been contributed by Colonel Figyelmesy. 
:Most of the collauorators just mentioned have furnisbea information 
in regard to the physical geography and the inhabitants of the country 
from which the specimens were derived, and in this way the Institution 
has accumulated a large amount of manuscript material rclatiYe to the 
natural history, geology, and ethnolog;y of the different parts of North 
America, not generally known. 
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EXPLORATIONS AND COLLECTIONS IN E'l'HNOLOGY.-During the past 
year the effort has been continued to increase the collections of ethnology 
and archrnology of theN orth American continent. It has been considered 
of special importance to prosecute this subject, since the remains of 
the ancient people who have inhabited this continent are every year be-
coming more rare. The mounds are disappearing in the process of 
agriculture, in the construction of railways, or in the extension of cities, 
and their interesting contents destroyed or scattered beyond the hope of 
future recovery. A very extensive correspondence on this subject has 
been kept up during the year with persons in eyery part of North 
America, soliciting information and specimens, giving directions for 
examining mounds and shell-heaps, and in several cases making a small 
appropriation for defraying the expenses of special investigations. 
Nearly all the explorers mentioned in previous reports have contri-
buted valuable material in this line. During his visit to the Bay of 
Fundy, Profes:::;or Baird, of this Institution, made extensive explorations 
among the ancient shell-heaps and gathered some facts and specimens 
of much importance in connection with the stl.bject of the American 
Kjoekkenmoedding. In these labors he was assisted by 1\Jr. G. A. Board-
man, Professor H. G. Webster, Professor Nelson, 1\Ir. Elias Kiuny, l\Ir. 
Gardner, l\Jr. Hallett, and also by Captain Treadway, of the United 
States revenue service. 
As ethnology is a branch of study which, at this time, is occupying 
popular attention, it may be proper to give a more detailed account 
than usual of the additions that have been made in this line during the 
year which has just closed. This account is compiled from the descrip-
tive inventory made by Dr. Foreman, under the direction of Profe:3sor 
Baird, in a record book of the collections. For convenience of reference 
the geographical division is adopted. 
British America, Arctic Region.-Ur. Robert 1\fcFarlam~, stationed at 
Fort Anderson, one of the Iludson B~:y Company's posts in the 1\fcKen-
zie River district, with unabated per:;3verance, has· continued making 
collections in natural history and etllE:)logy, and bas presented to the 
Institution, 'vith a. liberality which cannot be too much colllmended, a 
great number and yariety of articles to illustrate the character of the 
people among whom he has so long resided. IntercourRe with traders and 
others has considerably modified their arts of life, and they now pre-
sent an example of a people in a state of transition from the stone to 
the iron age. Among the articles from l\Ir. l\lcF}wlane, whicll illustrate 
this change, are JmiYcs of pieces of iron lloops, spear-heads and fish-
hooks of the same material; pipe-bowls of copper and of pewter, and a 
drilling apparatus, with an ordinary bow and drills tipped with bits of 
steel; boxes, of whicll the parts are fastened together with wooden 
nails, iron being too precious to be used for this purpose; other boxes, 
of which the pmts are joiued in the lllore ancient fasbiou by stretclling 
over ihcm, in a llloist condition, a, casing of leather. 
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The greater part, however, of the articles are of a primitive character, 
among which, for out-door use, are dog harness, lassos of moos3-hide for 
large animals, and more slender ones, carrying rounded pieces of bone, 
nut size, to entangle the legs of geese; different models of the sledge 
for hauling wood and provisions; a stretcher of deer-skin; bows, with 
arrows, quivers, and cases; a long line of whalebone for fishing; a net 
of sinew, with bone fish-hooks, :fishing floats, spearsJ throwing-sticks, 
spear-rests forth~ deck of the canoe; a whistle or call used in hunting; 
snow-shoes and models of canoes; screens of wood to protect the eyes 
from snow blink, concave on the inner side, with two very narrow slits 
for looking through. Of the articles relative to indoor occupation are 
deer-skin boots; white and black wolverine gloves; children's garments, 
neatly made, of soft materials; capuchons, or coverings for the head; 
tools, with which this and other work is performed, such as awls, drillsJ 
polishing implements, of either jasper or carnelian, frequently of bone; 
a small leather bag of red paint, with pitch or other cementing material. 
There are also needles of bone, nP-edle cases of ivory, pouches ornament-
ed with beads, for containing sewing :fiber. Bunches of this material, 
arranged as if for a chignon, appear to belong to articles useu by 
women. A rattle of deer or musk-ox hoofs, used in dancing, and bone 
implements for gambling, suggest the character of native amusements. 
From the same district haye been received, through the Rev. W. W. 
Kirkby, a leather pouch, :filled with quills of the porcupine, which are 
used to ornament moccasins, belts, and :fi.re ba;gs; also a fur coat made 
by the Dog Rib Indians. There are not many articles of personal 
Q.ecoration, except some labrets, thick buttons of white.limestone, and 
bits of blue glass, cemented together, to be worn in a slit of the corner 
of the mouth after the manner of a sleeve button. 
Alaska.-The collections of Mr. W. H. Dall in the .Aleutian Islands, 
at Norton Sound, and in the Yukon region, mentioned in the last report, 
have been received and are found to be very extensive and interesting. 
Those from the Aleutian Islands are specimens of native carving in 
walrus ivory, which exhibit considerable imitative skill in copying the 
forms of objects introduced by white traders. Among them are a table 
knife and two spoons, neatly executed. The greater part, ho·wever, of 
Mr. Dall's collection. are from the various tribes of Esquimaux Ii·dng on 
the shores of Norton Sound, more particularly the articles of clothing 
made of furs and leather, prepared from the skins of the deer and other 
animals. These consist of outer and inner garments, for both sexes, and 
of boots, gloves, and mittens. It would appear from the specimens that 
the skins of the larger :fishes, and also of the seal, are used for articles 
of dress, adapting the material to the. chang;e required for winter and 
summer. From the region of the River Yukon there are snow-shoesr 
moccasins, fur dresses, straw-shoes and boots, for riding and dandng, 
all made and used by the 1\Iahlemuts. The domestic implmnents of 
the people are exhibited in a series of spoons or dippers, made of the 
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broad horns of the Rocky Mountain Rheep, wooden bowls, ladles, platters, 
cups, and trays; bags and haversacks made of seal or :fish skin, of all 
sizes, universally used by the Esquimaux for keeping provh;ions and other 
materials; also earthenware lamps, :fire bags with flint, steel, and tinder; 
tobacco pouches, pipes, and snuff-boxes. The articles made of seal-skin 
on the coast are imitated farther up the river in the skins of the larger 
:fishes, the intercourse between the localities being difficult since the pass-
es are held by a few trading Indians, who act as middle men in exchanging 
commodities and as guards to prevent access to the coast. From the 
Unalcets there are neatly-made housewives of :fish-skin, and from the 
Pastolic Esquimaux a small workbag woven of grass, ivory needle cases 
ornamented with blue beads, and a store of threau made of :filaments of 
dried sinews. The weapons receiYed are interesting illustrations of the 
character and habits of the people. The bows in this collection, used 
by the Esquimaux for killing large birds or :fish, are of very un-
usual weight, and many of the arrows employed in shooting 
the wild goose are tipped with a blunt knob. The sharp arrow-
points are the most beautiful and delicate of any we have seen, and are 
of obsidian, green jasper, or glass. The seal and :fish lines are of the 
long, flexible stems of a fucus which grows in deep water and equals 
whalebone in tenacity and toughness. The harpoons for striking seals 
are furnished with a horn or bone termination, carr~1ing a barbed point, 
the whole being detachable from the sllaft. From the Ekogmut there 
are several of these, with others used in killing the whale; also models 
of canoes, oars, &c., from the Low<;r Ingaleeks along the Yukon and the · 
Unaleets on the coast. In the way of personal ornament there are a 
quantity of red paint anu a yoke, or necklace, oval pieces of wood or 
stone to be inserted in a slit in the lower lip, the nose, or the ear; :fin-
ger-rings, principally of stone, of two kinds, one of which is used on 
mourning and the other on ordinary occasions . 
.Aleutian Islands.-From the Aleutian Islands there are in Mr. Dall's 
collection several hideous masks of gigantic dimensions used in the 
ceremonies of the people. Dr. T. T. :Minor, surgeon United States rev-
enue steamer ".,.ayanda, Captain Howard, commander, who visited 
Sitka, Kodiak, Unalaska and some points of tile Aleutian group, has 
furnished collections exhibiting: the dress, occupatious, and habits of the 
Coloshes, Nuhegags, and Aleutes. The scarcity of stone implements in 
this collection is worthy of notice, since but two specimens, a pestle and 
axe, are all that were found, and these were regarded as very ancient. 
Among the articles are the following: Heavy corded bows for :fishing; 
armed with three prongs; blunt spears, with barbs, and :fish spears 
ornamented with feathers; lines of sea-weed or kelp, with detachable· 
spear-heads; throwing-sticks, to give a longer leverage in prQjecting the 
spear. There are also chisels for making apertures in the ice, to which :fish 
resort for air; dog sledges, canoes, paddles, reindeer skin overcoats and 
boots; an overall perfectly waterproof, and exceedingly light, made· 
3s 
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of the intestines of the seal, the edges l>eing sewed or cemented, and 
the whole ornamented with tufts of hair or feathers in brilliant colors. 
Glimpses of in-door arts and employments are obtained from specimens 
of carvings, basketR, woven articles, sewing, paintings, and implements, 
together with the ever-present pipe, of which there is one with a deco-
rated stem, carved by a Colosh. The illustrations are further extended 
by wooden trays and dishes, ornamented with carved figures of animals; 
water- tight haskets,-in which provisions are boiled by dropping red-hot 
stones. into the water ; mats of simple. checquer pattern ; carved 
handles of the black horn of the Rocky Mountain goat, exhibiting an 
intricate series of ornaments, and fastened by the aid of heat and pres-
sure to the broader horn of the 1noose, or of the Rocky Mountain sheep, 
to form a spoon or a ladle. Among the carvings is a remarkable series 
in walrus ivory of objects in miniature, representing table knives, spoons, 
candlesticks, boiling kettles, with covers, copied from objects introduced 
by foreigners; also the animals of the country, such as beaver, moose, 
whales, seals; a female otter followed by her young; likewise a mai1 
spearing a bear; a gr0up of men attacking a reindeer, and several other 
human figures. These miniature specimens of carvings, which are exe-
cuted with great neatness and fidelity, evince a minute obsetTation of 
nature, as well as considerable skill in art. A Colosh painter's kit 
belonging to this collection, contains a number of brushes very neatly 
made and of sizes suitable for fine or coarse work. Although. the assort-
ment of colors is small, being limited to red, blue, yellow, and black:, yet 
the whole collection of specimens relative to art shows an advance in 
this line beyond anything before observed in the northern races. Among 
other articles is the dance rattle, comtnonly used by the coast tribes, and 
consisting of a hollow, oval, wooden box, usually in the form of a bird, 
gaily painted, containing pebbles; also head ornaments, of grotesque 
form; head dresses, with wooden masks, ha,Ting distorted features; like-
wise ornaments of stone finely executed, aud representing birds, fish, and 
<serpents in the form of a ring; besides numerous samples of the same in 
wood and bone. 
From Lieutenant T. M. Ring, United States Army, stationed at Fort 
Wrangel, in Alaska, we have receiYed an important collection of ob-
jects, among which are wotlels of t,he bardoslca., or canoe, with paddles, 
of very neat workmanship; the head of a fish spear, and several bul-
lets made of copper; two fish-hooks of a metal resembling silver, 
and halibut books of wood; · also two specimens illustrating the form in 
which provisions are preserved for winter use, one of which is a spheri-
cal ball of the fruit of Rubus chamamor1.ts, and the other is the com-
pressed inner bark of a coniferous tree, which may serve to .allay hun-
,ger by distending the stomach. A stone hammer and two pestles are 
.samples of articles still in use, and an ancient barbed and notched boue 
fish spear exhibits the forms of similar implements discovered in the 
prehistoric caves of Europe. A full series of carved wooden dishes 
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and of horn spoons illustrate the table service of the natives, while 
masks, rattles of wood and of basket-work, neck and lip ornaments of 
stone, a dressed doll with a head carved in stone, a human image, and a 
bird of the same material, exhibit some of the occupations and amuse-
ments of this primitive people. From Mr. E. E. Smith, of the scientific 
corps of the Western Union Telegraph Company, the Institution bas 
received a bow ane1 arrows of the Smagamut Indians, for shooting wild 
geese; and from Dr. A. H. Hoff, United States .Army, a very fine sample 
of the membranous waterproof dresses used by the .Alaskans: also a 
pair of carved chop-sticks of whalebone. The latter articles were received 
through the officers of the .Army MedicallH useum. 
Washington Territory.-From this quarter we have obtained collections 
made by Dr. J. T. Ghiselin, United States Army, stationed in Washing-
ton Territory, consisting of bow, qnhTer and arrows in use among the 
Flathead Indians; also, a number of arrow-heads and a pair of mocca-
sins, collected among the Cascade Indians; we h:;tve also a riding whip, 
wedding hat or bonnet, a berry basket, and specimens of food preserved 
for winter, consisting of the eggs of the salmon, of the size and consist-
ence of dried peas. Dr. Whitehead, United States Army, also trans-
mits from the same region some bones exhumed from a shell mound, 
and a metal spoon from an Indian gTave. 
Idaho Territory.-From among the Nez Perces, Dr. E. Storror, United 
States Army, has collected specimens of preserved food, consisting 
of the bulbs of the camas, Scilla csmtlenta, and the konse bread, an 
unleavened mass, an inch thick, of the seeds of wild rice, Zezania aqua-
. tica, pounded up with water, and baked. .Accompanying these are spear-
heads of flint and irou, strong hair rope or lariat, a woman's saddle, 
blanket, panniers, a drnrn, a carved pipe sticl{, and a handsome pipe of 
red stone, a skull cap of woven grass, a comb, sewing awl, thread, an 
ornamented belt worn by a woman, and a model of a cradle, affording 
glimpses of domestic. life. Dr. C. Wagner, United States .Army, has for-
warded a bow, quiver, arrows, and arrow-heads, obtained from the Snake 
Indians; and Hospital Steward E. J_;yons, a basket, wo\en scoop, and 
bow and arrow from the same tribe. From Montana, Dr. H,. B. Ritz 
has transmitted a stone pestle. 
Utah Ter-ritory.-Dr. H. E. Waters, United States Army, stationed at 
Fort Bridger, in Wyoming Territory, has collected and forwarded some of 
the implements of war and the chase used by the Shoshone, Bannock, 
Ute, and Navajo Indians, consisting of a bow and arrows, a bow case, 
quiver, tomahawk, and war club. The arrows of tbe Navajos are said 
to be poisoned. From Dr. :Meacham, United States .Army, have been 
received fragments of pottery found in the same Territory. 
Oregon Territor.lJ.-Dr. C. 1\loffat, United States .Army, has pre~ented 
a small but interesting collectiOn from Oregon, near the vicinity of 
1\-Ialheur River and tbe Stein Mountain. In it we find the bow, quiver, 
and arrows of the Malheur River Indians, a drinking cup, fire stick, paint 
36 REPORT OF THE SECRETARY. 
bag, carved wooden comb, and beads; also a specimen of preserved food, 
consisting of camas root, dried and compressed into a thin cake. 
These Indians are somewhat away from the beaten route, and everything 
from them is of much interest. 
Oalifornia.-From mounds in Alameda County, California, examined 
by Dr. L. G. Yates, who has frequently contributed articles of interest 
from that State, we have received many specimens of the ancient stone 
age, consisting of stone pestles, perforators or awls, sinkers, a phallus, 
spindles, a soapstone ladle, stone mortar and pestle, pipe bowls, shell 
and perforated stone ornaments, au ancient awl and serrated implements 
of bone. The race of Indians at present occupying the country are said 
to be entirely ignorant of the art of making these objects and of their 
use. From the Pott River Indians, California, Dr. Powell, United 
States Arm~T' has sent a bow, quiver and arrows; and from the Pah Utes 
of Owen's Valley, California, we have similar weapons from Dr. Th. 
McMillan, United States Army, who has likewise contributed a war club 
of the Mohaves. 
lrevada.-Clarence King, esq., director of the United States geological 
survey in Nevada, presentecl a portion of a beautifully worked pestle of 
syenite, obtained in Lower California. 
Dakota.-The post surgeons stationed at the military posts on the 
Upper Missouri, chiefly within the Territory of Dakota, h~we shown 
much zeal in collecting objects to illustrate the pursuits and customs of 
tho numerous tribes occupying the country bordering on this river. 
First among these, in point of interest, are the collections of Snrgeon 
C. C. Gray and Dr. lVfatthews, United States .. A.rmy, stationed. for some 
time at Fort Berthold. From the Manclans they have furnished a head 
dress mounted with buffalo horns, with an ornamental pendant of dressed 
buffalo hide falling behind the head; a war shield of the Gros Ventres, 
with bow, case, quiver and arrows, in the highest style of Indian orna-
mentation ; a bow of the Arickarees, ingeniously fashioned. of an elk 
horn; a stone hatchet from the same, together with the scalp taken from 
a Blackfoot Indian; also from the Yanktonnais Sioux, a hoe, ma<le of the 
shoulder blade of an elk, accompanied by a wooden saddle and append-
ages, a pad saddle, a whip with a horn handle, partleche meat case, 
sheath for a scalp knife, and a rake of wooden material. The Manclans 
and the Berthold Indians generally, are addicted to gambling, and 
accordingly in the collection there are dice, and a small basket to contain 
them; also the gambling implements in use among the women; and, 
finally, a wheel or roulette, the workmanship of Gros Ventres. There are 
also domestic implements of the same "bribe, consisting of a basket 
for carrying provisions, a wooden desk, an earthen pot, implements of 
bone for scraping skins, with horn spoons and ladles ; several medicine 
rattles, indicating the superstitions of the tribe, anll a musical instru-
ment of their invention, illustrating the innate tendency to culthTate 
the fine arts; while children's toys, including a popgun, not unlike those 
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in m;;e among the whites, show the unity of intellect among races the 
most widely separated. A needle case, porcupine quills, and bead orna-
ments, together with a corn bag, Hlustrating female occupation, are 
from Hospital Steward J. E. Jones. From the same Territory, Dr. J. 
P. Kimball, United States Army, bas contributed a large number of 
objects, such as the bo-n-, quiver and arrows of the Assiniboines; 
also of the Sioux, l\1andans, and Arickarees; scalpknife, sheath, 
and sealp, of Yankton; war club, bonnet, shirt, and leggings, <lrum, 
and other fighting equipments; a fleshing knife for dressing skins, a 
pemmican mallet, wooden cups, <lishes, ladles, spoons, pipe and stems, 
a peace pipe of the Blackfoot Indians, two pairs of ornamental mocca-
sins, and an ornamented dance rattle. From Fort Wadsworth, Dr. A. 
J. Comfort, United States Army, has sent a bow, case, quiver and ar-
rows; a collar made of bears' claws; an ornamented sheath for knife; 
stone hammer; stone spear and arrow-heads; several riding whips ; 
the instruments used in games of ball; a perforated horn implement 
from a mound; two red stone pipes with carved stems; three ornamented 
pouches of beaver and other skins; a stone palm thimble for sewing 
with a large needle; a worked quilt, a bunch of perfumed dried grass, 
scalp feathers, and a gourd <lance rattle, which closes the list. From 
the Upper Sioux, Dr. James F. Boughter, at Fort Dakota, has obtaine<l 
for the Institution from the Sioux a bow, with case and arrows, leggings, 
embroidered with beads; saddle cloths handsomely ornamented. riding 
whips, war feathers, knife sheath, moccasins, ear rings, &c., the trap-
pings of the warrior. Dr. A. B. Campbell, United States .Army, contri-
butes from the Yanktons a handsome necklace of the claws of the grizzly 
bear; a smoking pipe; war club armed with knives; stone war mace; 
stone hammer or mallet; a mortar and pestle, the former made of a stout 
piece of buffalo hide gathered at the corners; with t,he usual bow aud 
arrows of this tribe, and three arrows of the Kaw Indians. From the 
vicinity of Fort Randall, Dr. G. P. Hardenburgh has obtained for us 
another head dress of buffalo skin with the hair on, and surmounted by 
the horns, with a broad pendant of skin furred and feathered to hang 
down the neck; also a rubbing stone for dressing skins, and. a horn 
spoon. 
Dr. Gardner, United States Army, has forwarded from the same Terri-
tory a Chippewa bow, quiver and arrows, saddle, drum and sticks, a 
Sissiton pipe stick, medicine bag, bow, and a heavy scraper of bone, used 
in dressing skins. Dr. W. H . Forwood, United States Army, has contri-
buted a bow, bow case, quiver and arrows of the Cheyennes, also arrows 
from the Sioux; Dr. II. G. Schell, United States Army, from near Fort 
Laramie, has sent a collection consisting of the bow, bow case, quiYer 
and arrows of the Ogalalla band of Sioux; Dr. C. S. De Graw, United 
States .Army, a bow and quiver of the Kiowas; Dr . .A. Muller, United 
States Army, a hickory war bow of the Yanktons and Sissitons. From 
the same tribes a battle ax and pouch has been presented by F. B. 
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McGuire. Brevet Brigadier General Crane has contributed a pair of 
moccasins and a pipe of the chief Little Bear; Dr: .A. :Muller sends from 
Fort Ridgely arrows used by the Yank tons, Sissitons, and Upper and 
Lower Sioux. Mr. W. JJ. Toole, from the same Territory, has furnished 
a handsome red stone pipe, stone ax, chisel, and a stone war club or 
casse-tete. 
Upper ]JfissouriRi'ver.-From this region, Captain Little, United States 
Army, has contnbuted a slab of sandstone, upon which the impression of 
two human feet are rudely carved. Mr. Leopold Biddle, a stone chisel; 
and Dr. F. V. Hayden, a very perfectly preserved soapstone vessel, frag-
ments of pottery, arrow-heads, and other objects from the site of an an-
cient Pawnee village. 
Nebrctska.-From Nebraska, Dr. S.M. Horton, United States Army, has 
furnished several important and interesting articles from the Ogalalla 
band of tlle Sioux. Among these are a buffalo robe, as prepared by the 
Cheyennes; a saddle from the Crow Indians; a Sioux war club; a 
pouch, knife and sheath, and a bunch of feathers, used in taking 
scalps; specimens of arrows of the Crows, Sioux, Cheyennes, and other 
tribes; several pairs of moccasins, and a skin prepared for making 
others; a gun case of Sioux construction; a riding whip; a lariat; pro-
vision case of tanned buffalo hide ; tanned skins of the Rocky Mountain 
sh!eep and of the elk, and smaller articles consisting of several stone pipes 
from the Arapahoes, a paint bag and a comb, used by the Crow In-
dians, the latter made of the stiff appendages on the tail of a porcupine. 
Kansas.-From the vicinity of Walnut Creek in this State, we have 
received through Dr. G. l\1:. Sternberg, United States Army, the burial 
case and its appendages of a male Cheyenne child about three years of 
. age. The wrappings enveloping the body, and the articles of dress, or-
nament, or daily use which accompanied it, form the most curious and 
interesting assemblage of objects of the kind we have ever received. 
The burial case is made of l~ng flexible withes of willow, stripped of the 
bark, and lashed together somewhat in basket fashion, built up from an 
oval base, :five feet in the longer and three feet in the shorter diameter, 
the sides and top being arched and rounded, rising about three and a 
half feet from the base. An opening on one side is left for the intro-
duction of the corpse and a large number of articles of ·the greatest 
value to the Indians. These articles consisted of seven highly-finished 
and valuable buffalo robes; six blankets, white, red and blue; a hood, 
ornamented with beads; a cape ; several worsted scarfs; belts, orna-
mented with beads aud metal disks; a l~ather belt, covered with metal 
buttons; apparently all the child's wardrobe, as jackets, underclothes, 
stockings, moccasins, fur cap, leather gloves; together with a small tin 
dish, beads, metal plates, ornaments of German silver, and others made of 
the shells of the haliotis, which is not found nearer than the Pacific coast. 
There were also several articles which can scarcely be recognized as the 
property of so young a child, ~uch as spur straps, tobacco pouches, bide 
• 
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lariats, paint bags, and an oblong piece of stout bull hide. It is the 
opinion of Dr. Sternberg, that this sepulchral offering of valuable effects 
was not solely from the immediate relatives of the deceased, but that 
being the lineal des.cendant of a great chief, and heir to his rank in the 
tribe, many families or bands being· present at the burial, contributed of 
their wealth to signalize their connection with the child's family, and the 
,,·idesprea<l sorrow at the loss they all had sustained. A full account 
of this interesting collection, with drawings of the articles, has been 
prepared for publication by Dr. Otis, of the _Medical Museum, in the In-
stitution Contributions to Knowledge. 
From Fort Harker, Kansas, Dr. E. B. Foyer, United States Army, has 
presented a number of the arrows used by the Kaws, Apaches, Chey-
ennes and Kiowas, which are commonly pointed with iron, and have the 
feathered end painted with the adopted colors of the band or tribe, so 
that they can at once be recognized by Indian scrutiny. 
Colorado Territory and A.djoining Regions.-The collection of ethnology 
has also been enriched, through the Army Medical Museum, by speci-
mens from the trib~s which occupy the plain on both si<les of the Rocky 
Mountains in Colorado, New Mexico, and Arizona. Dr. B. A. Camp-
bell, United States Army, from the first-named Territory, has sent a 
singular neck ornament, made of turtle shell, and two fine pouches of 
mink skin for holding tobacco. From the Kiowas, Dr. W. H. Forwood, 
United States Army~ has presented a whip, a pipe, and a medicine rattle; 
Dr. F. G. A. Bradford a tobacco pouch, an earthen water vessel, aNa-
vajo necklace, a pair of Cheyenne moccasins, claws of the grizzly bear, 
and a pair of Sioux moccasins. Dr. Lippincott, United States Army, 
from the Comanches has presented a whip, and Dr. J. Readies the hat 
of a medicine man, and a wooden spur. From Twin Springs, near Fort 
Fetterman, Dr. 0. Sutherland, United States Army, has contributed 
two fine stone lance-heads, and Dr. H. S. Schell six Sioux arrows. Dr. 
P. Moffatt has presented a bow, neatly made and covered on the con-
\ex side with the skin of a rattlesnake ingeniously cemented to tbe 
wood. From ])tfr. James Stevenson, of Dr. IIayden's corps~ we have a 
very fine Arapaho saddle, padded and ornamented with beads. To 
these may be added several arrows of the Apaches and Comanches, 
presented by F. B. McGuire, esq., of Washington City. 
In New llfexico, the Navajos are ·the most troublesome Indians that re-
side within the present boundary of the United States, and in the nu-
merous conflicts between them and our military forces many interesting 
objects have been captured. Dr. John Brooke, United States Army, has 
procured for us, from Fort Sumner, Navajo bows and arrows, a bridle bit, 
and a pair of moccasins; Dr. B. A. Clements, United States Army, a 
lot of arrows; .Dr. J. T. Weed a saddle blanket, shield, two bow.s, bow-
case, quiver and arrows, a belt, and a curiously made shield for the 
back; Dr. l\icKee, United Shltes Army, a bow case, quiver and arrows, 
a rough stone implement for dressing skins, and an earthenware di~h. 
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Mr. M. Kayser, of Santa Fe, has contrilluted from the same tribe a 
blanket made of the wool of the native sheep. From the Wachita bat-
tle ground, in the Indian Territory, Dr. Lippincott, United States Army, 
has obtained for us a lot of bows, cases, quivers, · iron arrow-heads, 
metal tubes for nose ornaments, and finger rings of German silver. 
These all belonged to the tribes engaged in the conflict, namely, the Co-
manches, Arapahoes, vVachitas, and Kiowas . 
. Front .L:ir-izonct, the principal contributions in former years were by 
Dr. E. Palmer, acting as medical officer at the Indian agency. ':rhc ar-
ticles presented last year, by the same explorer, were such as relate 
mostly to the domestic occupations of the Apaches-a pouch with bul-
lets, bone for dressing skins, awls for sewing, resin for finishing bows 
and arrows, paint bag, with black and red pigments, tlw former 
color being derived from the inspissated juice of the mescal pla11t, 
and curious necklace, woven of strips of the inner bark, complete 
the collection. From Dr. John 0. McFerran, United States Army, have 
been received a battle-ax; and from Dr. E. Cones several Apache ar-
row-heads. From the western part of the Territory Mr.l\1anning F. :Foree 
has sent a (syenite or porphyry) stone axe of symmetrieal shape and 
beautifully polished. Mr. Henry C. Force, from the Gila H:iver, has 
presented fragments of pottery and shell ornaments, and, fi·om the l\io-
qui Indians, a small, red, earthenware vase. Mr. H. C. Fernald has 
given a small stone axe, obtained near the same locality. 
From vVisconsin, Dr. R. P. Hoy, of Racine, well known for his re-
searches in aboriginal ethnology, has presented an ancient earthen ware 
vase, nearly entire, having a conical or sugar-loaf bottom, with frag-
ments of another vessel. Dr. Moses Barratt, of Waukesha, has sent 
numerous stone relics, axes, chisels, arrow-heads, and a stone disk; also 
an arrow straightener, consisting of two flat pieces of sandstone with 
semi-cylindrical grooYes, through which the shaft is drawn when the 
stones are fitted together. He has also sent fragments, apparently of 
brick, which formed part of a wall so ancient as to be attributed to 
Aztec workmanship. 
In Ill·inois, the Chicago Academy of Sciences, energetically engaged 
in promoting research in aboriginal remains, has had made electrotype 
copies of a fine specimen of copper knife, one of which has been pre-
:sented, through Mr. H. Shimer, to this Institution; also a similar cast of 
:a copper chisel, and a cast in plaster of a remarkable terra-cotta image. 
From Mount Carmel, Illinois, Mr. Robert Ridgway has presented two 
fine stone axes, several spear and arrow heads; and from the same place 
Mr. Granville Turner has sent a hoe of jasper, three spear-heads of chert, 
and a lot of arrow-heads; also from the same State, Dr. Hall has pre-
sented a stone axe, a chisel, and a number of arrow-heads; and J. E. 
Kendrick, of Des Moines, has contributed a series of specimens of 
pottery. 
Front Indiana, Dr. R. M. TNhite, United States Army, has presented 
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a curious earthenware pipe and a dress ornament; Drs. :McCoy and 
1\faxwell, for themselves and friends, a collection of stone hatchets, 
spear-heads, and otber stone relics. The most remarkr~ ble objects, how-
ever, from this State are from near Cannelton, and consist of two stone 
mace-heads or casse-tctes, of hard ferruginous quartz, perforated through 
their longer axes, polished and finished in a perfect manner. They were 
presented by Mr. ITa milton Smith, with other stone relics. From Frank-
lin Connt}T, Indiana, Dr. R. Haywood and his friends and neighbors have 
favored the Institution with a considerable collection of stone imple-
ments, mauy of :fine workmanship, among which ma~y be enumerated 
stone pestles, axes, chisels, spear$, and arrow-beads, stone ornaments, 
and pottery. 
From Ohio, l\fr. W. R. Limpert has contributed a collection, found at 
Graveport, of \\ell-:finished articles; consisting of a Yariety of stone pestles, 
a mortar for grinding paint, anum ber of stone knives or chisels, and axes, 
a perforated stone disk, over one hundred arrow-beads, a stone awl, and 
other miscellaneous objects in stone. From Rev. Dr. Tllompson, at 
Milnersville, Ohio, we have received arrow-heads collected in his vicinity. 
Frorn Kentucky, l\fr. S. S. Lyon, whose arclueological researches in 
1868 were of such interest in the mounds of Union County, has forwarded 
additional articles, consisting of shell disks ornamented by carvings, a 
:fishing sinker of the same material, perforators of stone, and small 
masses of galena worked into a rounded bead-like form. 
Frorn Tenne,r;;see, l\Ir. S. L. Wilkinson, near ClarksYillt?, has sent :five 
spear-points, a large number of arrow-heads, a stone disk, and a mortar 
for griuding paint. Dr. Curtis has also favored us with a lot of arrow-
heads from Knox County. We have likewise to record the liberal 
donation, by Mr. J·. II. Devereux, of a very valuable series of stone im-
plements and other objects, collected by himself, chiefly in Tennessee, 
though some of the nrticles were obtained in other Southern States, as 
well as a few from Ohio and l\1assachusetts. The perfect condition and 
:fine :finish of these articles are remarkable, and they are so numerous as 
to :fill a separate case. The}- consist of every variety of form of axes, 
chisels, gouges, knives, spear and arrow-heads, pipes, ornaments for the 
person, of stone and of pottery articles; many of which are entirely 
unique. 
From Arkansas, 1\frs. Governor Throckmorton, of Little Rock, has 
presented a pestle, grinding stone, and two paint mortars; and from the 
same State, Mr. J. 1\1. Stanley has sent a quantity of quills of the porcu-
pine, colored for use by the Indians in their embroidery. 
In Mississippi, Mr. T. J. R. Keenan, of Brookhaven, has shown zeal 
in examining the natural nnd ethnological curiosities of his vicinity, and 
has presented to us a large number of handsome arrow-beaus of brown 
jasper, a curious cylinder of the same mineral, a stone disk, and a pair 
of ear pen<lants made of silver coins by an Indian boy. 
In Lo~tisiana, opposite Vicksburg, Dr. E. Swift, United States Army, 
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has examined the contents of several mounds and Indian graves, from 
which be obtained for us many interesting articles, the principal of which 
are earthenware vases in good presenTation and of curious forms; ap-
proaching that of the vessels common among tbe tribes of Chili and Perl), 
e\idently for holding water~ most of them having very narrow openings, 
and being spherical in shape ; also, stone hammers, chisels, pestles, 
carved pipes of sandstone, a disk of quartz, bmvls and cups of earthen· 
ware, &c. · . 
In Texas, Dr. D. H. McElderry, stationed at Fort Griffin, has assid-
uously collected from the tribes near his post many objects of interest; 
among which we may enumerate three Conmnche war shields painted 
and.ornamented, bows, bow case, arrows, quiver, scalp knife, and sheath, 
war drum, tomahawk, and riding whip, all of which belong to a warrior's 
equipment. The other articles are implements for dressing skins; 
tinder bag; ' dance ornaments; two head dresses, one made of Comanche 
hair and the other of a bear:s ear; a girdle and pouch made of a Coman-
che's skin; a square girdle and arm and head ornaments, some of silver 
plates, with toy bows and arrows, and two rag <lolls decorated with 
Comanche hair. Dr. J. l\'liddleton, of Camp Verde, has presented a 
saddle obtained from the Kiclmpoos, and l\fr. George Kean, some bony 
plates of the Lepidosteus, or great western gar, having been used by the 
southern and western Indians as arrow-heads; a fact in aecordance with 
a statement of vViHiam Bartram in his travels in Florida during the last 
century. 
In Flor-ida, explorations baNe recently been made in the shell heaps 
near Tampa Bay by Dr. William Stimpson and l\ir. E. C. Stearns. From 
the former we have received a curious shell implement formed of the 
columella of the great Fasciolaria gigctntea, the use of which is unknown. 
From l\fr. Stearns, a large soapstone vessel, a stone sinker, a spear-head 
and fragments of pottery. l\'lr. H. Clark, of the same place, has pre-
sented several hammers, a fishing sinker, a number of arrow-heads, and 
an earthenware vase. 
From Alabama, we have received specimens of arrow-heads, princi-
pally of jasper or agate, and of good finish, presented by Mr. Isaac. Slee, 
of Baldwin County, and specimens of the same kind from Mr. Henry C. 
Force, collected in Northern Alabama, and also specimens of pottery and 
arrow-heads presented by Dr. ReynoldR, United States Army. 
Prom, Georgia, at St. Simon's Island2 a favorite station of the South-
ern tribes, Dr. C. H. Taylor, United States .Army, has forwarded anum-
ber of stone axes and arrovi'-heads, and also pottery from Brunswick 
County. 
F-rom Virginia, Fayette County, Mr. A. G. Grinnan has presented 
a colleetion of stone axes, hammers, chisels, and ~ finely formed 
fishing sinker made of hematite, of which we have several specimens 
from localities widely separated, . the weight of the material being its 
great recommendation for this service. JYlr. E. C. Meade, of Albemarle 
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County, has given an Indian hatchet and a lot of arrow-heads. Major 
H. C. WHliams has presented arrow-heads from Fairfax County; J\1r. 
Robert Burford, arrow-heads from Isle of Wight County; and from Mr. 
C. R. Moore we have received a fine lance-head, a pipe, pipe-stem, and 
arrow-heads, found on the east shore of Virginia. ' 
Fr-om North Carolina, Rev. JVI. A. Curtis, of Edgecombe County, 
has presented two stone axes, a collection of arrow-heads, and specimens 
of pottery. 
District of Oolumbia.-From 1\irs. M. H. Schoolcraft, of the District 
of Columbia, to whose liberality we were previously indebted ·for large 
collections, we have received additional specimens of stone hammers, a 
stone disk, and otLer implements. From the Agricultural Department 
we have received a very perfectly finished war mace with handle, its 
locality being unknown. Contributions of specimens from the Dis-
trict of Columbia, were made this year by Joseph Saxton, esq., of 
the United States Coast Survey. They include very numerous examples 
of all the usual stone implement~, such as axes, chisels, hatchets, gouges, 
spear-heads of very great size, tomahawks, several perforated stone im-
plements, disks, a vessel carved out of soapstone, and a great num-
ber of arrow-heads collected on both sides of the Potomac River, and 
of every variety of material accessible to the Indians, mostly of quartz 
and quartzite, slate, jasper, &c., with a large quantity of pottery frag-
ments. 
FrQ?n JYiaryland, Mr. F. B. McGuire, of Howard County, has pre-
ented numerous arrow-heads; a lot of the same collected at West 
River has been given by Mr. W. Q. Force. Dr. C. Sutherland, United 
States Army, has presented a stone battle ax and arrow-heads from 
near Annapolis, and Mr. John Cameron, of Prince George's County, has 
given us a collection of over a hundred arrow-heads, neatly arranged 
for exuibition. From Charles County, we have received from Mr. 
0. N. Bryan, an industrious collector, many objects of this class, such as 
stone knives, chisels, spear-points, pestles, hatchets, awls, and a variety 
of Indian pottery. From the same vicinity, Mr. James Slagle has pre-
sented arrow-heads and a quantity of fragments of pottery. 
Pennsyl·vania.-Mr. J. H. Mcilvaine, an ardent inquirer into the man-
ners and customs of the aborigines, has presented a fine stone ax and 
a stone tomahawk from Northumberland County, a flanged stone ring 
or wheel; a stone wrought into the form of a bird; a slate chopping-
knife and a breastplate of shells and beads, with specimens of pottery. 
From B. Smith, Upper Darby, we ackn8wledge the receipt of a stone 
ax and some arrow-heads; from R. Cilrist, at Nazareth, Pennsylvania, 
two stone chisels and an ax ; from Harry Hoover, a flint knife and 
arrow-heads, collected. iu Clearfield County; and from Dr. E. Michener 
a soapstone dish, a hoe, a number of axes, chisels, pestles, a lot of ar-
row-heads, a tomahawk, and a polish~d ornament for the neck. 
From New Jersey, n,t Shrewsbury, Mr. Samuel Wilson has sent us a 
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number of stone axes, chisels, and arrow-heads, a stone tomahawk, paint 
mortar, and pipe. From Tuckerton, Mrs. Lewis Blackman has presented 
a stone hoe, a sinker, numerous arrow-heads, and other stone imple-
ments. To Isaac Lea, LL.D., of Philadelphia, we are indebted for a 
very fine stone ax found in New Jersey. · 
From New York, Messrs. S. P. Forman and R. Howell, near Nich-
ols, have contributed ethnological articles, consisting of stone flesh-
ing chisels, arrow-beads, and flint knives; and also, from Mr. Merritt, 
near Farmingdale, we have a number of arrow-heads. From Western 
New York, Dr. F. B. Hough, a diligent cooperator and accurate observer, 
who long since began to make con~ributions to the Institution, has for-
wardedfromhisextensive collections a number of interesting objects. We 
may mention a bowl, or deep dish, carved in soapstone; a stone mortar, 
a number of pipe-bowls, pipes, &c., with chisels, spear-heads, gouges, 
and an Indian cradle profusely ornamented. 
From New Engla,nd, Mr. S. A. Ladd, from the vicinity of l\fere-
(ilith Village, New Hampshire, bas contributed a considerable variety of 
stone implements, including two of those remarkable chisels, or gouges, 
having a curvetl cutting edge; also straight chisels, spear-heads, pestles, 
fishing sinkers, perforated stone ornaments, and arrow-heads. From 
Vermont, sent by Messrs. J. M. Currier, W. G. Norris, and R. Wheeler, 
we have receh·ed a spear-bead of native copper, of good workmanship, 
but much corroded. The metal of this may have been obtained in barter 
from the Indians of Lake Superior, or from others living in Nova Scotia, 
where the native metal exists. It was accompanied by a stone hoe, a 
flat, triangu1arimplement with a cutting edge, of which examples are some-
what rare, stone pestles, and lance-heads. Mr. Fearing Burr has presented 
a cast in plaster of the most perfectly shaped pestle yet obtained, which, 
at the end grasped by the hand, is worked to a sharp edge or comb, 
pointed at one side. It was exhumed from an ancient Indian cemetery 
near Hingham. Very large colleetions of stone implements have been 
received fi.·om Dr. W. Wood,. of East Windsor Hill, Connecticut, who 
has devoted much time and exhibited great zeal in this branch of 
research as well as in others connected with natural history. A liberal . 
donation is recorded from him of axes, hammers, chisels, spear-heads, 
knives, gouges, pestles, perforated stones and hoes, and from these·and 
other parcels received from him, it may be justly inferred that his vicinity 
was densely populated in former times by the savages who wrought 
these articles. · 
Canada, New Brunswick, &c.-Much attenti<?n has been excited in the 
Dominion of Canada upon the subject of aboriginal remains, chif~fly 
through the exertions of Principal Dawson, of McGill University, Mon-
treal, from whom a valuable series of Indian pottery, pipes of stone and 
earthenware, perforated stone implements, &c., has been received. 
Professor L. W. Bailey, of New Brunswick, also has presented several 
stone a~es, strings of wampum, spear-points, and arrow-heads, which 
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were collected in his vicinity. From a long-esteemed correspondent of 
the Institution, Mr. ·w. E. Guest, formerly of Ogdensburg, New York, 
now of Canada, haYe been received a number of curiously-worked bone 
implements, chiefly awls or perforators, employed anciently in sewing 
leather garments and moccasins. An unknown tlonor has sent us a fine 
sample of the heavy stone mauls used by the mound builders or their 
predecessors, in mining the native metallic copper from the l.;ake Supe-
rior region, where the vast deposits of this metal were resorted to for the 
materials out of which to make spears, tomabawks7 fish-hooks, sinlrers, 
and personal ornaments. 
l'J;fexico.-Fromotherdistricts not included within the United States, the 
Institution has received important contributions in ethnology. Dr. Sar-
torius, from near Mirador, in Mexico, has sent specimens of the stone im-
plements and ornaments formerly in use among the aboriginal races of 
that country. Some of these, namely, the perforated ornaments, beads, 
knives, and chisels, are prepared from a variety of jade-a bard green 
mineral, held sacred by the natives-and others, such as knives, flake~ and 
arrow-points, are of obsidian, a material from which long-bladed portions 
can be flaked off b:r a slight pressure on the sides of the core. Tile tra-
ditional knife for the rite of circumcision among the Jews was of stone, 
and the suggestion bas been made by Dr. Foreman that the custom 
originated with a people living in Asia Minor or Arabia during the stone 
age. This collection also contains earthenware images, saucers, incen-
sories, bowls, cups, candlesticks with and without handles, together with 
domestic utensils made of dried gourds, which are sometimes converted 
into children's rattles. All these are of modern workmanship and now 
in use among the people of the country. From Dr. Sumichrast, also of 
:lVIexico, we have received a perforated stone tube-probably part of a 
pipe. 
Porto Rico, llTest Indies.-From Porto Rico, George Latimer, esq., 
who has long been ·a very liberal contributor to the collections of the 
Institution, bas sent three additional specimens of remarkable elliptical 
stone rings, resembling an ordinary horse collar, made from a very bard 
syenite rock, and carefully sculptured and polished. It is suggested that 
they were placed on the neck of the human sacrificial victims during 
religious ceremonies, probably for effecting strangulation before the fatal 
stroke of the obsidian knife. One of them is of a different pattern, being 
shaped like a horse-shoe, or the letter U, and of more massive propor-
tions. Included in this interesting collection are also several ancient 
stone chisels similar to those found in the United States, and a number 
of terra-cotta images of grotesque form. 
·Frorn Barbadoes, llTest Indies, through the kindness of Granville 
Chester, esq., we have obtained several ornaments of ca~ved shells and 
a hatchet of the same material. Articles made of shell are now exciting 
much interest, as this substance seems to have been widely employed at 
as early a period as that of the age of the mound-builders. 
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British Guiana.-P. Figyelmesy, esq., United States consul, bas pre-
sented a valuable series of articles in use among the tribes of Indians 
now living in the interior of that country, including sets of bows and 
arrows, war clubs, a blow-gun, with two cases of arrows poisoned 'vith 
the wourali; an emblem of office, consisting of a club and a paddle com-
bined; a stone ehiRel, and also head dresses, made of brilliant-
colored feathers, bracelets of the green and gold wing cases of a large 
species of beetle, (Buprestis,) beaded aprons worn by females, a necklace 
of the teeth of the peccary, and a flute constructed of the long bones of 
a wading bird. 
Frorn Central Anier·ica, Dr. Earl Flint, while examining the Island of 
Ornatepe, in Lake Nicaragua, obtained for the Institution, from ancient 
tombs, an idol and three earthenware vases of much interest. From 
Chiriqui, au unknown donor has contributed an earthenware vase . 
. France.-The prehistoric caverns and rock shelters of France, under 
the persevering investigation of Professor E. Lartet, have yielded 
such a harvest of precious relics, and of ingenious and interesting de-
ductions, as to have conferred on him a world-wide renown. Out of 
his abundant materials he has with much liberality presented to the 
Institution several cases filled with objects, ·of ·Which it will suffice to 
enumerate a few prominent specimens. Of the animals contempo-
raneous with man in those obscure times, there are bones of the horse, 
some of them gnawed by wolves; of the aurochs, rhinoceros, wild goat, 
chamois, hyena, reindeer, including a ~-ery perfect jaw and teeth of the 
cave-bear. Associated with these are two small bones of the human ~ 
skeleton, apparently belonging to the phalanges of the hand. Among 
the implements of war, of domest.ic use, and articles of ornament, are 
casts of bone implements, chiefly for making perforations, stone knives, 
sculptured horn of reindeer, and bone aigrettes, probably for fastening 
skin or fur dresses; also a mortar for g'rinding grain or fruits, and casts 
of arrow-heads, in forms very similar to those of American specimens; 
and many flakes of flint struck from the core while making knives, 
arrow-points, or other articles. The European flint is better adapted 
to this manufacture than any stone found in America, except obsidian. 
These flint chips were gathered from fourteen di:ti'erent localities in 
France, indicating the prevalence of the art of forming cutting imple-
ments of stone and the density of the population. Professor Lartet 
has also contributed several large masses of the breccia which occupies 
the floor of the caves, consisting of bones and teeth of animals, flint 
flakes, pebbles, and other objects cemented together into a solid pave-
ment. The composition of these masses apparently indicates the gr-eat 
antiquity of man, since they present the stone implements of his con-
struction embedded in the same materials wit.h the bones of the rhinoc-
eros and other extinct animals. The most remarkable portion of this 
collection may, however, be said to consist of the illustrations of the 
art of sculpture as it existed among the prehistoric races. The material 
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employed \Vas the broad portion of the horns of the reindeer or the 
ivory tusks of the elephant. These carvings exhibit a remarkable ap-
preciation of form and composition, undoubtedly derived from constant 
observation of the wild animals depicted. They chiefly represent the 
more remarkable quadrupeds, such as the elephant, reindeer, bear, 
aurochs, &c. These are all exhibited in motion or in str1king attitudes,. 
such as leaping, fighting, or flying from pursuit. 
Polynesia.-It is proper here to record an addition to the collections 
from Commodore John H. Aulick, United States Navy, consistin:2· of a 
large cape or mantle entirely covered with brilliant plumage of scarlet, 
gold, and black feathers, derived from birds which are extremely rare 
in that country. It was made for the personal decoration of King 
Kamehameha on state occasions, and presented by his :Majesty to tile 
commodore when he officially visited the Sandwich I slands, some years 
ago. From Commodore l\1:agruder, United States Navy, we have re-
ceived several warlike implements of the Feejee Islands. 
METEOROLOGY.-The system inaugurated at the beginning of the In-
stitution bas been carried on-as usual during the past year. The 'rhole 
number of observers reporting to the Institution during this period lias 
been 479, and to the Medical Department of the United States Army, 
120, making: in all 599. Among these, 167 report indications of the 
barometer and the other instruments, and the remainder those of the 
thermometer, rain-gauge, and wind-vane. Owing to the necessarily Jill-
settled condition of the army since the war, many changes ha\e taken 
place in the posts at which observations are made, and therefore the 
permanent, or, rather, normal condition of the whole system has not yet 
been established. I say" normal" because, since the observations made 
for the Institution are from voluntary observers, and some changes must 
take place in the disposition of troops, therefore more or less variation 
in the number and locality of points of observation must always occur, 
and a condition of absolute permanency is not to be expected. Nearly 
all the material that has been collected by the Institution during the 
last twenty years is in the hands of computers, with the exception of 
that relative to the rain-fall, which has been discussed and of which the 
results are now passing through the press. The material relative totem-
perature has been put in charge of Mr. Charles A. Schott, and will be 
completed during the present year, provided the usual number of com-
puters are retained. The discussion of the material relative to the 
winds of the northern hemisphere, collected by the Institution from 
various sources, is in charge of Professor Coffin, of Lafayette College, 
who, with a number of assistants, will press on the work of its reduc-
tion and discussion as rapidly as the means appropriated for the purpose 
will allow. The previous discussion of the winds of the same region by 
Profeasor Coffin, published in the transactions of the Institution, has 
been adopted as a part of the basis of the pilot charts of the British 
Hydrographic Office, which fact may serve as an indication of the value 
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attached to the publications of our Institution and to the labors of one 
of its collaborators. Few persons not having experience in the matter 
could imagine the amount of labor required in the reduction and dis-
cussion of physical observations. In the case of the observations re-
ported to the Smithsonian Institution nearly three millions of figures 
have to be gone over. But this is not all. Various hypotheses have to 
be provisionally assumed, and the deductions from them tested by com- -
parison with the actual results of observations, while many special re-
sults have to be deduced in accordance with previously established for-
mulas. The result of the discussion of the rain-fall, besides being given 
in tables, is illustrated by eurves and rain-charts. The printing of the 
tables is necessarily a slow operation, requiring special care in the cor-
rection of the proof. The printing of the charts has been facilitated by 
exhibiting the relativ~ fall of rain in each part of the country by dif-
ferent depths of shading in the original engraving, the distinction being 
made more obvious by a second printing in a single color. The rain-
charts are three in number; one exhibits the relative fall of rain for the 
whole year; another for the three months of summer; and a third dur-
ing the months of winter. For agricultural purposes the rain-fall in the 
summer is most important, but data are given in the tables to ascertain 
it for every month of' the year. · 
The distribution of rain is very materially affected by the prevailing 
direction of the wind, and this again is modified by the declination of 
the sun, a fact which must be evident when we consider that the motive 
power of the great currents of the aerial ocean is the greater heat of 
the equatorial regions derived from the perpendicular rays of the sun, 
wbich, expanding the air, causes it to ascend and flow over in each 
direction toward the poles. The medial line along which this expansion 
takes place must move north and south with the sun in his varying de-
clination. If the earth were covered entirely with water, and were at 
rest, the currents of the air would be comparatively simple; but, since 
the earth is in a rapid rotatory motion eastward, the currents which flow 
at the surface toward the medial line move on one side from the north-
east and on the other from the southeast, thus forming what are called 
the "trade-winds," while the same currents continued upward and 
northward on one side, and upward and southwa~d on the other, curv-
ing eastward, form the great str~am of western return-trades which in 
the northern hemisphere, in summer, continua.Uy flow over the United 
States, at a high elevation, and which waft the higher clouds eastward, 
giving a similar direction to the principal storms of every season. In 
midsummer, when the medial line we have referred to is carried north-
ward by the northern declination of the snn, the upper current reaches 
the earth beyond the fiftieth parallel of latitude; and precipitates the 
vapor which it brings from the Pacific Ocean in the form of rain on the 
western coast of America, to the depth, at Sitka, of ninety inches. As 
the sun declines to the south the rain belt gradually descends along the 
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Joast until it reaches, in diminished quantity, the southern portion of 
Califoruia. As the sun ascends again toward tlle north the rain also 
gradually returns northward, until it leaves almost entire]J~, during the 
summer, t~1at portion of the western coast south of 50° north latitude. 
The primary currents of air we baye mentioned are modified by the 
varying relative temperature of the ocean and the continents. The 
capacity of water for heat being about six times that of land, the latter 
becomes relatively much warmer in summer and colder in ·winter than 
the former; and since the air at the surface of the earth tends to flow 
from the colder to the warmer region, there must be a tendency of the 
wind from the ocean toward the land in summer, and the contrary in 
winter; though this may not be powerful enough to reverse the general 
currents, it is yet sufficiently so to produce in them the modifications of a 
v-ery perceptible character. In summer, the greater heat of the surface 
of the middle portion of North America keeps the return trade-current 
at a bigh elevation, and produces a surface current from the Gulf of 
.Mexico, which, on account of the motion of the earth, assumes a tlirec-
tiou from southwest to northeast, bearing with it the moisture which is 
precipitated in rain, principally throughout the region east of the 1\iis-
sissippi River. \Vere the earth at rest the same current would flow 
over the 'vhole of the Mississippi Valle;r to the base of the Rocky Moun-
tains, anti the aridity of the western portion ~f this region would no longer 
exist. 
In winter, when the upper current, after sweeping across the Pacific 
Ocean, ascends along the western slopes of the mountains, it precipi-
tates its moisture on their crest in the form of snow, which, melting in 
summer, gives rise to numerous streams which, although not sufficient to 
irrigate all the region between the Rocky Mountains and the fertile 
country adjoining the Mississippi on the west, may yet, by well-directed 
enterprise, ser,~e very much to circumscribe the arid regions iu the 
Mississippi Valley, as well as to mitigate the droughts of the great in-
terior basins of the mountain system. 
In summer, the sun approaching, in its northern declination, a posi-
tion nearly vertical to the extremity of the Peninsula of Florida, heats 
tlle land and produces iuflowing and upward currents of air, charged 
"\rith moisture, v.·hich, perhaps more frequently in the after-part of the 
day, falls in copious showers. In ''inter, on the contrary, the sun being 
far south of the latitude of Florida, the surface currents are almost 
neutralized, or tend to flow from the land, and, hence, the rain-fall at 
this season is much less. 
In tho region east of the Mississippi, including the 1vhole Appalachian 
system, the direction of the surface ,-dud is the same as that of the trend 
of the mountains, and hence both sides anu crests of the latter and in-
ten~ening valleys are covered with Yegetation. 
The region along the eastern eoast of the United States is also sup· 
plied with vapor from the Atlantic Ocean, which is borne inland in all 
cases where an approaching storm gives rise to a wind from au easterly 
4s 
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direction. The preceding sketch gives a general explanation of the 
marked contrast between the rain-fall of the eastern and western halves 
of the United States. 
:Most of the records of meteorological phenomena which were made 
previons to a comparatively la,te date had for their object the determin-
ation of, what may be called, the statical condition of the weather in dif-
ferent places, or, in other words, the determination of the average atmo-
spheric pressure, temperature, direction of the wind, and the fall of rain. 
A knowledge of these elements is of great importance in ascertaining the 
relative climates of different countries, partic"nlarly in regard to sanitary 
and agricultural considerations. In later years, howe,Ter, systems of 
meteorology have been established having more especially for their ob-
ject the record of the simultaneous conditions of the atmm;phere in differ-
ent portions of the earth, and the origin and progress of storms; that is, 
to discover, if possible, the dynamic principles which regulate the phe-
nomena of the weather. Systems of this kind have been established in 
almost every part of Europe and in several parts of Asia, even in Turkey, 
in the Rast Indies, and in North America. These systems are not only 
intended to indicate the laws according to which the atmospheric dis-
turbances are produced, but, also, to predict, by the aid of the telegraph, 
the weather that ma:y be expected within a gi \ren time. 
The Smithsonian Institution 'vas the first to make use of the tele-
graph for this purpose. The state of tbe lJarometer and thermometer 
and the direction of the wind were recei 'iTed from the various telegr::"tphic 
stations at 8 o'clock each morning and recorded on a large map fastened 
to a board, into which small iron pins were driven to support circular 
cards of different colors, which iudicated the character of the sky and 
of the weather-whether cloudy or clear, raining or· snowing. On each 
card was drawn an arrow, the direction of which could be varied by 
suspending the card from one of eight holes with which it was pierced. 
A glance at this map showed at once the condition of the sky and direc-
tion of the wind over the whole country, and knowing from previous' 
observation the direction of the moYement of storms, the weather could, 
in most cases, be predicted, frequently more than a day in advance. 
In Europe the prediction of the weather is founded on the probable 
direction of the wind at a given place as deduced fi·om telegrams 
giving the maximum and minimum pressures of the air as indicated 
by the barom~ter. It has been found from observation that the 
wind which may be expected will blow nearly at right angles to a line 
joining the maximum and minimum pressure of the air, and that the 
face being turned toward the minimum point, the wind will come from 
the left-hand side. This rule, howmTer, may be theoretieally deduced 
from the movement of the air in the for1rt of a cyClone, but will scarcely 
hold true in case of the storms observed in the eastern portions of the 
United States. The storms that visit the west of Europe are those 
which come directly from the ocean, where the cyclonal character of the 
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wind finds little disturbance from inequality of surface, while the storms 
on the opposite American coast have their origin far inland, and are sub-
ject to great changes of form by mountains or other obstructions iu their 
passage to tlle Atlantic Ocean. The system adopted by the Institution 
for predicting changes in the weather was interrupted by the war, and 
since the restoration of peace the telegraph companies could not be in-
duced to furnish the transmission of the necessary telegrams free of 
charge; and as this project was intended as a practical application of 
science and would require a much larger appropriation for its support 
than could be afforded by the Smithson fund, the proposition to renew 
the system has been allowed to rest. At the present session of Oongrcsf:, 
however, a resolution was offe!ed by l\fr. Paine, of Wisconsin, which 
was adopte<l, authorizing an appropriation of $25,000 for a system of 
weather signals, especially along the northern lakes. The general direc-
tion of this system has been placed in charge of the Chief of the Signal 
Corps of the Army, General Myer. The plans which have been adopted 
for the carrying out of the proposed object have not been communicated 
to the Institution. "\Ve shall, however, be ready to give any advice or 
assistance jn conducting the enterprise which may be required, and also 
'to [.~Tail ourselves of any facilities which it may afford us in the study 




APPENDIX TO THE REPORT OF THE SECRETARY. 
Table showing the entries in the recorcl books of the Smithsonictn llf~tseum 
in 1868 a:ncl1869. 
Class. 
Skeletons and skulls .................. _ ...................... . 
Mammals ................................................... . 
Birds ....................................................... . 
Reptiles ...................................... -....... . ....... . 
Fishes ........................ - .. - . -..... - ....... -. - - -... - .. . 
Eggs of birds ............................................... . 
CTustaceans ................................ -................. . 
~1ollusks ................................ - -......•. - ......... -
Radiates ......•.............................................. 
Annelids ........................................ -.... - - . - - .. . 
Fossils . _ .................................................... . 
Minerals .................................................... . 
Ethnological specimens.----------------·----------- ......... . 































Total . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 142,. 397 158,652. 
The total number of entries during the year thus amounts to 16,255; 
of w·hich nearly 5,000 are birds and 1,800 ethnological objects; 1,40U 
eggs, &c. 




Mammals .......... . 
Birds .............. . 
Reptiles ........... . 
Fishes ............. . 
Eggs of birds ...... . 
Shells ............. . 
Radiates .......... . 
Crustaceans .... ___ . 
Marine invertebrates 
Plants and packages 
Distribution to the -D' t 'b t' · 186n I 
end of 1868. Is n u 1011 :m "· j Total. 




10, 008 15,440 
1,fi99 2,1322 
2,424 5.200 













































of seeus .. --... . . . . 13, 658 19, 218 ...... __ .. _... . . . . . . 1~, 658 10, 218 
Fossils . . . . . . . . . . . . . 3, 401 9, 002 557 982 ~~, 958 9, 984 
Minerals and rocks.. 2, 118 6, 654 762 1, 120 2, 880 7 774 
Ethnology.......... 1,107 1,107 ----------· 47 1,107 1;154 
Insects............. 1,420 2, 587 112 259 1,532 2,846 
Diatomaceous earth. 15 555 11 11 26 566 
Total. ........ ll7,354 '"255,909 -10,116 ~-1~,011 j 127,470268,920 
1 
'-' 
.ADDITIONS TO THE COLLECTIONS, 53 
Additions to the collections of the Smithsonictn Institzttion in 1869. 
Alden, Dr. G. H., United Sta.tes Army.-One box fossil bones and teeth, 
Wyoming Territory. 
Allard, 0. T.-Collection of minerals, Illinois. 
Athens, Greece; ~fu.seum of Nat~tral History.-Fossil bones from :Mount 
Pikermi. 
Auliclc, Commodore John H., United States Navy.-Featber cape of 
King Kamehamaba, from Sa.ndwich Islands. 
A'l.'ey, Adam.-Inclian spear bead, Indiana. 
Baird, Professor S . . P.-Skull of mephitis, :Massachusetts; porti011 s of 
skeleton of whale, Grand Manan, New Brunswick; bones, stone imple-
ments, &c., from caves near Carlisle, Pennsylvania; 40 skulls of porpoise, 
Bay of Fundy; bones and relics from shell mounds, Maine. 
Barnes, Major General J. K., Surgeon Generctl United States Arnty.-
See lVashington, Medical Department United States Army. 
Barrcttt, Dr. ~foses.-Indian relics and fresh-water shells, Wisconsin. 
Bartlwlf, Dr. John A., United States Army.-Ardea hcrodias, J\Iissis-
sippi. 
Beales, A. 0., hospital steward United States Army.-Box bird skins, 
North Carolina. 
Behrens, J arnes.-One box insects, California. 
Biddle, Leopold.-Carboniferous fossil, stone chisel, &c., Iowa. 
Bischoff, Ferd.-Eigbt boxes zoOlogical collections, from Alaska. 
Blackburn, George and Charles.-One box birds' eggs, Iowa. 
Blackman, Mrs. Leah.-One box Indian stone relics, &c., New Jersey. 
Blakeslee, C. T.-One hornet nest, Ohio. 
Boardman, G. A.-Indian relics from shell heaps of :Maine; and 100 
skins of birds from Florida. 
Bolles, Rev. E. G.-Box of shells, (Lymnea amplct-,) 1VIaiue. 
Bmteard, A.-Coleoptera and reptiles from 1VIexico. 
Breslau, K.; Ober-Berg-Amt.-Collection of miuerals anu fossils of 
Germany. 
Brevoort, J. Oarson.-South American deer in flesh. 
Bryan, 0. N.-Miscellaneons Indian relics, l\Iaryland. 
Burr, Fearing.-Cast of Indian stone pestle, Massachusetts. 
Byrne, Dr. 0. 0., United States Anny.-Indian stone scrapers, ..c\.r-
kansas. 
Cambridge; Herbarium of Harvard Oollege.-One box seeds of acacia, 
&c., Australia. 
Cameron, John.-One card Indian arrow-heads, ~Iaryland. 
Canfield., Dr. C. A.---:One box marine animals, and two boxes nests 
and eggs, California. 
Octpel, J. H.-Bones of elk from Canada. 
Capron, General H., Commissioner of Agriculture.-Sce Washington, De-
partment of Agriculture. 
Octrter, Mr.-One box fossils and minerals from near Fort Bridger. 
Oharbonnier, Dr. A. V., United States .A.rmy.-Minerals and fossils from 
Mammoth Cave, Kentucky. 
Chester, Rev. G. T.-Three shell implements, Barba.does. 
Chicago; Academy of Sciences.-Copy in terra cotta of an image from a 
mound, Missouri; electrotype cast of copper-knife from mound in Illi-
nois ; cast of ancieut \ase. 
Chrjst, Richard.-Egg of Sawwhet owl, PennsylYania. 
Clark, H.-Indian pottery, stone and shell implements, skulls, &c., 
Florida. 
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Collett, John.-Three Indian arrows, trilobites, fossil ferns, &c., Indi-
ana. · 
Cmtes, Dr. E.-Two boxes bird skins and osteological collections, North 
Carolina. 
Crocker, AZlen.-Fossils and zoOlogical specimens, Kansas. 
Currier, Dr. J. M.-Indian stone relics, Vermont. 
C~trtis, Rev. M. A.-Teeth of cyprinoid fish, Indian relics, and Indian 
beads from a grave, North Carolina. 
Dall, W. H.-Paper currency from Pekin, China; and 22 boxes zoolo-
gical and ethnological collections from Alaska. 
Davis, J. H.-Skin of panther. 
Davis, H.-Fossil coralline,(~) Minnesota. 
Darois, Dr. Samuel.-In<lian stone relics, Indiana. 
DeCrery, P. A.-Specimen of magnetic rock, Martinique. 
De lr-t Verney, Mr.-Supposed meteorite, New York. 
De Oca,, R. Montes.-Mounted peccary, (Dicotyle torqucttas,) Mexico. 
De Belding, Charles.-Skull of dog, Tennessee; bit and reins of bridle 
from Lima, South America ; black slate carved pipe, North west Pacific; 
fishing line, hook, and net, Otaheite. . 
Deems, J. W.-One box copper and silver ores, &c., Mexico and Cali-
forrlia. . 
DennJJ, Henry.-Set of casts of the great seals of England; skull of 
dog and portion of pelvis of rhinoceros from Dowkerbottom Cave, Eng-
land; Euplectella speciosa, Philippine Islands; fossil crinoid, ( Wooclocri-
nus,) from York, England. 
Department of Agriculture, General H. Capron.-Mounted rabbit, nest 
of oriole, stone war-club, &c., Pennsylvania. 
Destruge, Dr. A.-Two boxes birds, Ecuador. 
Dille, .ll.fr.-Teeth of fossil horse, Illinois. 
Dodd, P. B.-Eggs of teru, merganser and ring plover, Nova Scotia. 
Edwarcls, Amory.-Skins of six species of jay, California. 
Edwarcls, Henry.-One box insects, and living Helix arrosa, California. 
Endres, J. R.-Two boxes of humming birds, Costa Rica. 
Fa~tntleroy, Thomas lV.,per 0. Y. Bryan.-Indian mortar, axe, &c., Vir-
ginia. · · 
Fenwld, CharZes.-Neuropterous insects, California. 
Figyelmesey, P., United Stutes Consul.-Three boxes birds, insects, and 
curiosities, British Guiana. 
Flint, Dr. Earl.-Ancient pottery and seeds of the turkey flower, 
Nicaragua. 
Force, Henry C.-Shell ornaments from CasaBlanca, near Gila River, 
with fragments of pottery, stone axe, &c. · 
Foreman, Stephen.-Indian relics, New York. 
Garclner, E. F.-Indian relics from shell heaps, Maine. 
Gardner, Dr. W. H., United Stcttes Army.-Indian implements and 
relics, Dakota. 
Geisrlorj, Dr.-Two skulls of Indians and one beaver skull, Montaua 
Territory. 
Ghiselin, Dr. J. T., Unitecl States Army.-Indian implements, &c., Ore-
gon. 
Gidclings, Edward.-Skulls of Nisqually Indian and of mammals; ser-
pula, and casts of shells, Wasllington Territory. 
Gilliss, John R.-Skull and other bones of human skeleton, Utah. 
Goss, B. F.-One box birds' eggs, Wisconsin. 
Gray, Dr. C. C., United States .Army.-Skeleton of Indian child, Da-
,kota. · . 
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Grayson, Colonel A. J.-Four boxes birds, insects, &c., L\Iexico. 
Gr(fjith, Arnos £.-Nest of humming bird, Teunessee. 
Grinnan, A. G.-Indian stone implements, Virginia. 
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Gr'uber, Ferdinand.-Six skins Harporhycheus redivivus, California; 
and oue box birds, Australia and California. 
Hagan, J. "fV.-Indian stone relics, Kentucky. 
Hall, Dr. E~-Indian stone relics, Illinois. 
Hancock, E . .ilL-Birds' eggs, Jowa. 
Hw]Jet, W. J. W.-One box shells, California. 
Hayden, Dr. F. V.-Ancient soapstone bowl, vVyoming Territory; 
and 2~ boxes geological and other collections, Colorado. 
Haymond, Leigh.-Iudian stone implements, Indiana. 
Haymond, Dr. Bufus.-One box Indian stone relics, Indiana. 
· Hm:e'tin, John :r.-Jl[enopoma.~ alleghaniensis, l\'lissouri. 
Holmes, Professor F. B.-Phosphate of lime from Ashley RiYer, South 
Carolina. 
Howe, Rev. S. B.-Indian pipe and other relics, Dakota and Iowa. 
Bo:1~ie, TValter.-One box birds and birds' eggs, South Caroli11a. 
Hough, Dr. F. B,-Bones of Sus from depth of 18 feet in Loess, and one 
box Indian relics, New York ::mel Canada. 
Hoy, Dr. P. R.-Skull of a Pottawatomie chief and Indian Yase from 
mound; also birds' nests and eggs, vYisconsin. 
1Ittbban7, Dr. E. 111.-Helices from Yarions localities. 
Hudson, W. H~-Two boxes birds, Buenos Ayres. 
Hurt & Bros.-Box iron or , clay, &c., Virginia. 
Jeu:ett, Colonel E.-Corallines in· chalcc<lony, Florida. 
Jones, Rev. C . .lii.-One box birds, Connecticut. 
J[eenan, T. J. B.-Two boxes insect~, one box shells, l\fississippi. 
Kelley, Dr. A. lVay, United States Anny.-Fra.gme!J.t of tooth of mas-
todon, l\lississippi. 
J[ilpatriclc, General J.-1\iurnmied child from Arica, Peru. 
Kimball, Dr. J. P., United Stcttes Army.-Intliau scalps, rattle, &c. 
King, Clarence.-Twenty-six boxes and two kegs, geological and natu-
ral history collections from U tab. 
J[irkby, Rev. lV. lV.-One box specimens natural history, birds' egg8, 
&c., Fort Simpson, Hudson Bay Territory. 
Kluge, Dr. J. P.-Reptiles and insects, Panama. 
linw1~Sen, Valdemar.-Ninety human crania, Sandwich Islands. 
Lctdd, S . .A.-Twelve Indian stone relic$, New Hampshire. 
Lartet, Prof. E.-One box prehistoric remains, Irrance. 
Latimer, George.-One box bird skins and one box stone implements, 
Porto Hico. 
Lau-rence, G. N.-Grcwulus mexicanus mounted, Cuba. 
Le Cai]Jentier, J 'ules.-One box beetles, New 1\fexi,co. . 
Lea, Isaac.-Indian stone axe, Pennsyh,ania; specimen of granite per-
forated by Pholas, Nantes, ]rrance. 
Lee, Dr. J.-Golden eagle in flesh, l\Iaryland. 
Leer, Jamcs.-Lignite and iron pyrites, District of Columbia. 
Leu·is, Dr. Janws.- One box fresh-water univalves, New York. 
Leu·is, S. G.-Diallogite and other minerals, California. 
Limpert, 1V. R.-Indian stone relics and eggs of woodcock, mallanl, 
&c., Ohio. 
Lincecltm, Dr. Gideon.-One box Lepidoptm·a, Texas. 
Lincecum, G. W.-Humming birds, and four boxes birds, insects, &c., 
Texas. 
Lockluo·t, James.-One box insects, Hudson Bay Territory. 
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London; Royal College of Sttrgeons, through Professor Flower.-Skulls 
of lion, tiger, jackall, &c. 
Lyons, Dr. W. B.-Fossil saurians, New lVIexico. 
Lyons, E., Hospital Steward, United States Army.-Indian implements, 
Dakota. 
JJlarch, Willian~ T.-One box birds, Jamaica. 
Mcttthews, 'Dr. lV., Unitecl States Army.-Bird-skins, eggs, &c., Dakota. 
Jlfaynard, E. J.-One box bird skins, Florida. 
Jl1c0ouglttry, 1lfiss E. G.-Indian stone implements, Kentucky. 
liicOoy, 111iss E. 111.-Indian arrow-heads, Indiana. 
JIIcOoy and ~Maxwell, Drs.-1\iassasauga rattlesnake, Indiana. 
Jfcilvctine, J. H.-Collection of bird skins and Indian relics, Pennsyl-
-vania. 
llfcJ[ee, D1·. J. C., United States Army.-N avajo bracelet, Indian Terri-
tory. 
Jlfc Ween, J. 1lf.-Sknll of mound-builder, Indiana. 
llferritt, J. G.-Indian arrow-heads, New York. 
JJfojfatt, Dr. P., United Sta.tes Army.-Indian implements, Oregon. 
Michener, Dr. E.-Indian stone relics and type specimen of Enspiza 
townsendii, Penm;ylvania.. 
Michener, Captain J.-Skiu of purple gallinule and ancient relics in 
iron and brass, Maine. 
Milborn, OaZeb.-Oarving in ornamental green marble, Delaware. 
llf'inor, Dr. T. T.-Five boxes ethnology and natural history, two 
skeletons of sea otter, and box of Indian curiosities, Alaska. 
JJ[ontreal; JJfcGill Uni1-'ersity, front Principal Dawson.-One box Indian 
antiquities, Indian axes, &c., Canada. 
1lfoore, C. R.-Indian pipes, arrow-heads, &c., Eastern Shore of Vir-
ginia. 
J.lforn:s, W. F.-HAad of diamond rattlesnake, 1\-fississippi. 
Nelson, Feter.-Teeth and bones of mastodon, Florida. 
Newsom, W. Lewis.-A cane carved by Andrew Oliver, a revolutionary 
soldier, and prisoner to tlw British in 1783, New York 
NezD York; Central Pctrk Omnmission.-Two living European swans, 
New York. 
Nichols, Dr.-Raccoon in the flesh, District of Oolum bia. 
Nixon, J. Sharpe.-One bird (Regul1.ts satrapa) in flesh, Pennsylvania. 
Norris, H. W.-Indian stone relics, Vermont. 
Norris, W. G.-Indian stone relics, Vermont. 
Orton, Projessor.-Oollection of bird skins, Ecuador. 
OUs, Dr. George A., Unitecl Stcttes Army.-Four sets bows, bow eases, 
quivers, and Indian trinkets, from the battle-ground of \ 'Vashita River, 
Indian Territory. 
PalJner, Dr. E.-One box birds' nests and eggs, Fort Wingate. 
Parker, H. G.-Bill of w·hite pelican, &c., Nevada. 
Parrish, Henry Jlf.-Egg of screech owl, Alabama. 
Philadelphia; Academy of Natnral Sciences.-Egg of A lea impennis, or 
great auk, Iceland. · 
Phillips, llf. W. S.-Indiau stone re1ics, Kenk1cky. 
Pitch, Oapt(tin, through Agricultztral Depctrtnwnt.-One crab; Caribbean 
Sea. 
Plumbo, G.-Indian stone relics, Kentucky. 
Plummer, R., and Comegys, H. C.-~rwenty-three bird skins, Con· 
necticnt. · 
Portland; Society of Natural History.-Postpleiscene fossils, l\iaine. 
Post, Dr. S. A.-Quartz geodes, Syria. 
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Powell, Dr. B., United States Army.-Bow, quiver, &e., Pitt Ri\·er 
Imlians, Oregon. 
Ra.vencl, Dr.-Land shells and alcoholic preparations, Texas. 
Reeve, J. F.-Collection of bird skins, Ecuador. 
Reinert, ... Dr. Pa.~tl.-Three packages of dried plants, Germany. 
Reynolds, Dr. R . .M.-Indian pottery, arrow-hea<ls, &c., Alabama . 
.Ridg1cay, Robert.-One box birds, Illinois. 
Bing, Lientenant F. 1lL, United States Anny.-Forty-two objects Indian 
curiosities, Alaska. 
Robinson, Windham.-Bones of young masto<lon, &c., Virg-inia. 
Bothhammer, Dr. S. lll.-One Indian soapstone dish, Flori(la. 
Sartorius, Dr. 0.-0ne box specimens of natural history and ethnology, 
and a specimen of Lystra cer-ifera, l\Iexico. 
Saxton, Joseph.-Jndian stone relics, seeds, &c., District of Columbia. 
Scmnmon, Captain 0 . llf.-Rostrum of sword-fish, Pacific Ocean; one 
keg alcoholic specimens, skulls of seals, skins of fur seal, cetacean skulls, 
&c., Pacific Coast .. 
Schliitter, TVUliam.-Onc package birds' nests, Germany. 
Schultz, Dr. C. F.-Indian stone axe, Pennsylvania. 
Sclaier, Dr. P. L.-Nine 'bird skills, Bogota. 
Sessions, Le1cis.-N est aml eggs of birds, Connecticut. 
Shanks, 1Villiam.-Iudian stone relics, In<liana. 
Shimer, H.-Electro copy of an Indian copper knife, Illinois. 
t)mith, Benjantin JI.-In<lian stone relics, Pennsylnmia. 
Smith, Ilamilton.-Two polished Indian implements of f)nartz, Indiana. 
St. John j Naturctl History Society.-Dm·onian fossil plants, New 
Brunswick. 
Stearns, R. E. C.-Collections of ancient relics from shell heaps; twenty-
two species of shells in alcohol, Florida. 
Sternberg, Dr. G. Jlf., United States Army.-Burial case of an Indian 
child, five boxes YertelJmte and other fossils, Kam~as. 
Stevenson, James.-Arapahoe (Indian) saddle, \Vyoming Territory. 
Stimpson, Dr. lVUliam.-Indian shell implement, Floriaa. 
Ston·ow, Dr. E., United States Army.-Imliau implements and relics, 
Idaho Territorv. 
Sumichrast, br. F.-Three boxes birds, mammah;, reptiles, &c., ::.\Iexico. 
SLoift, Dr. E., United States Anny.-Iudian pottery; stone imvlemeuts, 
pipes, &c., Louisiana. 
Tate, Ralph.-One box shells, Nicaragua. 
Thomas, General G. H., Un·ited States Army.-Bones of walrus, and 
one box coal, Alaska. 
Thompson, B. 0.-Three fossil shells, :Missouri. 
Th1·ockmorton, Jl!rs.-In<lian stone mortar, Arkansas. 
Todd, Dr. lV. H.-Indian reli~s from shell heaps, l\Iaine. 
Totten, Dr. G. Jlf.-Cormorant and dying fish, t3traits of 1\Iagellan. 
:.Turner, Granville.-Iudian stone relics, Illinois. 
Unknown.-Onc box specimens of coal, one lJox ~.tlcoholic specimens 
insects. 
Yanm·dale, Hem·y.-In<lian stone hatchet, Indiana. 
lVagnn·, Dr. Clinton, United Stcttes Anny.-Squirrel and bird skins 
and Indian implements, &c., Idaho Territor,Y. 
1Vakejielcl, J)r.-Skin of wren, Ocm~pylorhyncus brwmeicapillus, Sonora. 
1Varne1·, John G.-Specimens of rotten stoue, PennsylYania. 
lYctshburn, Hon . . 'Thomas.-Indian arrow-heads, Indiana. 
lVa~hingtonj Army Meclical Jinsewn.-See ~Iedical Department United 
States Army. 
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1Vashington; .ilier.lical Department United States Army.-See Drs. Alden, 
Byrne, Oberbonnier, Gardner, Ghiselin, Gray, Kelley, Kimball, Lyons, 
\V. B., l\leKee, 1\lo:ffatt, Otis, Powell, Reynolds, Sternberg, Storror, Swift, 
\Vaguer, \Vhite, "'\Vbitehead, and Lyons, E., hospital ste\vard, Uniteu 
States Army. • 
lV ashington, Agricultural Department United States.-See Uavron, 
General H., H.aYenel, Dr., Geisdorf, Dr. 
Well.~tood, Stephen.-Cane made of \\Ood of steamer CharlottcDuudas, 
1803, Scotland. 
Wheeler, RueZ.-Indian stone relics, Yermont. 
White,. Dr. R. II., Unitecl States Anny.-Ancient pottery from mound, 
Al::lbama. · 
lYhitehead, Dr. W. E., United States Arm.y.-Indian implements, \Vash-
iugton Territory. 
l17titney, Joseph.-Indian beaus, gouge cbisel, &c., l\1aine. 
lVilkinson, S. L.-Oollection of Imlian relics, minerals, plants, Ten-
nessee. 
lVilliams, H. C.-Stone implement, Yirginia. 
lVilb'on, Dr. S. TV.-Four liYing Amphimua, Georgia. 
lVilson, SamueZ.-Indian stone implements, New ,Jersey. 
lV'ilson, Thaddeus.-Indiau stone relics, N cw York. 
Wingate, John D.-Two salamanders and box of insects, Indiana. 
Yates, Dr. L. G.-Indian skulls and fossil ox bones, and Indian stone 
relics, California. 
Yeager, Jlfr.-Indian arrow-heads, flint-flalces, &c., New York. 
Young, Nathan.---,Specimens in alcohol, Inuiaua. 
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Paclcnges receivecl by the Sntithsonictn Institution from parties in Amer·ica, 
for foreign ilistribtttion, in 1869. 
Address. 
ALBANY, KEW YORK. 
Regents of New York State Univer-
sity ...... ------ ............ ___ _ 
New York'State Library ..... -----· 
New York State Agricultural Soci-
ety ............................ . 
ANN ARBOR, :MICHIGAN. 
Professor A. Winchell ........•.... 
BALTIMORE, MARYLAND. 
P.R. Uhler ....................... . 
BOSTON, MASSACHUSETTS. 
American Academy of Arts and Sci-
ences . . . . . . . . . . . . . . . ........... . 
American Social Science Associa-
tion ........................... . 
American Statistical Association ... . 
Board of State Charities .......... . 
Boston Society of Natural History. 
l\Iassachnsetts Historical Society .. . 
Public Library ................... . 
Dr. B. A. Gould .... ------ ......... . 
D.i". Howe, (Perkins Institute for 
Blind) .......................... . 
S. H. Scudder ................. -- .. 
C.\.MBTIIDG E 1 l\IASSACHUSETTS. 
American Association for Advance-
ment of Science----------------
Harvard College ................. . 
Museum of Comparative Zoology .. 
Professor L. Agassiz ..........•.... 
Alex. Agassiz ..................... . 
Professor Wyman ............... .. 
CHARLESTON, SO,UTII CAHOLINA. 
Medical Society of South Carolina .. 
COLUMBUS, OHIO. 
Ohio State Agricultural Society ... . 
Dr. W. B. Sullivant ............... . 
Leo Lcsquerenx ................. .. 
DOHCHESTER, l\IASSACHUSETTS. 
Dr. Eclwanl Jarvis ............... . 
EASTON, PENNSYLVANIA. 










HA VANA1 CUBA. 
Professor F. Poey ................. 1 
10 
34 INDIAN APOLIS1 INDIANA. 
3~ Institution for Education of Blind. 21 
JANESVILLE, WISCONSIN. 
26 Institution for the Blind .......... 70 
1\HLWAUKII:E, WISCONSIN. 























Professo~ .J. W. Dawson .......... . 
NASHVILLE, TENNESSEE. 
Geological Survey of Tennessee ... 
NEW ALBANY, INDIANA. 
Dr. E. S. Crosier ...... ________ _- __ 
NEW HAVEN, CONNECTICUT. 
American Journal of Science ..... . 
Professor E. J. Brush ............ . 
Professor J.D. Dana ............. . 
Professor A. E. VerrilL ... ---- .. .. 
NORTHA:\1PTON1 MASSACHUSETTS. 
State Lunatic Asylum ........... . 
NEW YORK. 
American Journal of Mines ...... . 
New York Lyceum of Natural His-
tory ........ _ . . . . . . _ .. _ _ ______ _ 
American Christian Commission ... 
United S~ates Sanitary Commis-
sion .......................... . 
Thomas Bland ....... --·--- .... .. 
T. S. Bickmore .................. . 
E. Steiger ....................... .. 
PHILADELPHIA, PENNSYLVANIA. I 
Academy of Nat ural Sciences ..... 
American Phannaceutical Society ·I 
American Philosophical Society ... 
American Entomological Society --1 
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Packages received jr01n parties in America, &c.-Continued. 
Address. 
PrriL.\.DELPIIIA, PA.-Continued. 
Pennsylvania Institute for Deaf and 
Dumb ........ ------------------
Public Schools . _ .......... _ .... __ . 
Society for Alleviating Miseries of 
Public Prisons. 
Dr. Isaac Lea ....... _. _ ... ___ .. _ .. 
Dr. John L. Leconte.------ ____ ----
PQRTLAND, l\'IAL.';-E. 
Address. 
ST. JOHN, NEW BRUNSWICK . . 
Natural History Society . _. __ .. __ . 
25 
1 ST. PAUL, 1\IIXNESOTA. 
25 Minnesota Historical Society. ____ . 
199 
13 SPRL.~GFIELD, ILLIXOIS. 
Professor H. A. 'Yorthen. __ .. ____ . 
Natural History Society. ---------- 150 TORONTO, C.\NADA. 
PRINCETON, NEW JERSEY. 
A. D. Brown ...•.... ------ ___ . ----
PROVIDENCE, RllODE ISLAND. 
R. I. Historical Society. __ . _______ . 
QUEBEC, CANADA. 
Literary and Historical Society . __ _ 
SALE~I, MASSACHUSETTS. 
Essex Institute .. ____ . ____ . _______ _ 
Peabody Academy of Science. _____ . 
SAN FRANCISCO, CALIFORNIA. 
California A-cademy of Natural Sci-
ences ..... _ .. ----- . --- _. ____ . _ .. 
Henry Edwards.------------------
]<'. Grover ... ___ .. ____ .. ____ ... __ .. 










Observatory ... ___ . _____ .. _ ..... . 
Dr. C. J. Bethune----------------
WASHINGTON, D. C. 
Bureau of Statistics ...•.. ------ .. 
Interior Department ...... __ ... __ . 
NauticalAlmanac Office. ________ _ 
United States Coast Survey_ .. ___ . 
United States Agricultural Depart-
ment--------------------------
United States Department of Ella-
cation. _ ...... _ ..... _. __ .. ___ .. 
United States Naval Observator;r .. 
United States Patent Office .. __ . . . 
William H. DalL ..... ------ ·-----
Dr. F. V. Hayden ..... ------------
Dr. C. C. Parry .. _____ .. ____ .. ___ _ 
Dr. F. B. Hough .......... _______ . 
WL.~NEBAGO, ILLINOIS. 
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Packages received by the Smithsonian Institution jrO?n Ettrope, in 1869, 
for distribtttion in Arner·ica,. 
Address. 
ALUA~Y, NEW YORK. 
Albany Institute------------------
Bnrean of Military Statistics ..... . 
Dndley Observatory ........ _ ..... . 
New York State Agricultural Society 
New York State Cabinet of Natural 
History ...... __ .. _ ............. . 
New York State Library.-- ....... . 
New York State University ....... . 
Hon. Francis C. Barlow ........... . 
ProfessorJ. HalL ................. . 
Dr. Thomas Hun ............... --. 
A~ffiERST, l\L\.SSA.CHUSETTS. 
Amherst College.~ ................ . 
Professor E. Hitchcock ........ ; .. . 
Professor E. Tuckerman ........... . 
AKXAPOLIS, MARYLAND. 
United States Naval Academy ...... 
ANN ARBOR, MICHIGAN. 
University of Michigan ........... . 
Observatory ..................... . 
Dr. Rominger .............. __ . _. _. 
J. C. ·watson __________ ........ ___ _ 
Professer A. WinchelL ............ . 
ATHE:'ITS, ILLINOIS. 
Professor Elihu Hall ....... _ ...... . 
ATHENS, OIUO. 
Ohio University ................. .. 
AUSTIN, NEVADA. 
Dr. J. Storch .................. ~---
BALDWIN CITY, KANSAS. 
Baker U ni versi ty ........•....•.... 
BALTIMORE, MARYLAND. 
Mary land Historical Society ...... . 
Peabody Institute ............... .. 
University of MarylaHd ......... .. 
Rev. E. A. Dalrymple-~- .......... . 
Professor S. S. Haldeman .......... . 
Dr. J. G. Morris ................. .. 
Dr. P.R. Uhler .................. .. 
A. V ockc .........••............... 
BETHLEHEl\f, PENNSYL VAN !.A. 



































Illinois Natural History Soeiety ... 
BLOO~UXGTON, !~DIANA. 
Indiann, Stn,te University ......... . 
BOSTO~, MASSACHUSETTS. 
Ameriean Academy of Arts and Sci-
ences ...... _ ........ _ ......... . 
American Social Science Association 
American StMistical Association .. 
Board of State Charities ... ~ ..•.. _ 
Boston Athenrnnm ............... . 
Boston Mercantile Library Associa-
tion ____ ------ ...... _____ ...... . 
Boston Society of Natural History. 
Bowditch Library ............... . 
Geological Survey of Massachusetts 
Massachusetts Historical Society .. 
Massachusetts Institute of Tech-
uolop;y _ ....................... . 
Massachusetts Soeiety for Preven-
tion of Cruelty to Animals ..... . 
Massachusetts Teacher ........... . 
New England Historic-Genealogi-
cal Society ............. . -- ..... . 
North American Review ......... . 
Perkins Institute for Blind .... . .. . 
Prison Discipline Society ........ . 
Public Library ....... -------- ... . 
State Library ...... ---- ..... t ___ _ 
Rev. W. R. Alger ............. ----
Dr. Bre"rer ............ _ ........ _. 
C. G. Brewster .................. . 
William Brott ................... . 
J. L. Clarke .................... .. 
C. Hovey ....................... . 
Dr. Charles T. Jackson ........... . 
Dr. J. S. Lombard ............... . 
Miss E. Marmodel .......... ------
John Perry---- ................. . 
A. P.Rockwell ................... . 
W. B. Hogers ..... ------ ______ .. .. 
F. B. Sanborn ................ ___ _ 
S. H. Scudder .................. .. 
R. E. C. Stearns ...... ------------
Dr. F. H. Storer ... ----- ......... . 
Walker, Fuller & Co ............ . 
BROOKLYN, NE'Y YORK. 
Long Island Historical Society ... . 
James Akhnrst .................. . 
H. C. Murphy ................... . 
BRUNSWICK, MAINE, 
Bow<loin College ............... .. 
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Pachages ?'eceirecl frmn Europe, &.c.-Continued. 
Address. 
DCFFALO, NEW YORK. 
Buffalo IIistorical Society ......... . 
Nat ural History Society .......... . 
BCRLI~GTO~, XEW JEHSEY. 
W. G. Binney ...... ----.--. ______ . 
B"CRLISGTON, YElDIONT. 
University of Vermont .......... .. 
C.DIDRIDGE, :U.\SSACIICSETTS. 
American Association for Advance-
ment of Science ........ - ....... . 
Astronomical Jonrnal ....... _ ..... . 
Harvanl College ................. . 
Herlmrium of Harvard Colleg-e ... . 
Museum of Comparative Zoology .. 
Ouservatory of Harvard College ... 
A. Agassiz ....... - - - - ... - - - - . - . - - . 
Professor L. Agassiz .............. -
Dr. E. H. Clark ................ ----
Dr. B. A. Goultl ... --- .......... ----
Professor Asn, Gray ............... . 
Dr. II. Ha,gen ...... -- ...... -- .... --
Dr. J. W. Hoyt .... ---- .. -- ..... - .. 
Dr. Thomas Lyman .... ---- .... ----
Dr. G. A. Maack .. ---- .... --- .. ----
AlJJert Ordway ...... -- .... -- ... ---
Professor B. Peirce .... ---- .... ----
Professor Jare<l Sparks ........ ----
Professor J.D. Whitney ... - ....... . 
Dr. J. \Vinlock ...... -- ........ -- .. 
Professor J. \Vyman ... _ .......... . 
CENTRE COCSTY, PENNSYLY.\NL\. 
Professor II. J. Clark .... -- ..... - .. 
CILD!PAIGN, ILLINOIS. 
State Imlustrin.l University ....... . 
CHAPEL HILL, NORTH CAROLINA. . 
Uniwrsity of North Carolina ...... \ 
CHAPPELL HILL, TEXAS. 
Aclllress. 
CII.\ULOTTESYILLE7 YIRGINL\.. 
1 University of Virginia .......... .. 
1 
CHICAGO, ILLINOIS. 
Chicago Academy of Science. __ ._. 
1 Chicago Board of Trade ____ ·-----
Dearbom OJJservatory. ______ .. _ .. 
U ni vcrsity ....... __ . _ . _ .... _ .. _ .. 
Young l\Ien's Association Library .. 
3 Dr. Andre,\·s .... ____ ............ . 
3:~ I 



















~Ir. LeBaron. __ ..... _. ______ .... . 
Professor F. H. McChesney ...... . 
'1'. II. Safford .. __ .... __ .... _ .. ___ _ 
Dr. W. Stimpson .. __ ... __ .... __ __ 
CINCINNATI, OHIO. 
American Medical College. __ . __ . _. 
Astronolllical OJJsernLtory . _. ____ . 
Mercantile Library .... ____ .. ____ . 
Natioual Normal ......... ____ ... . 
Dr. Clm·eland Abl>e ... __ ...... ... __ 
Dr. Hominge1· . ______ .. _. _. _. ____ . 
CLINTON, SEW YOI!K. 
Obsen·atory of Hamilton College . 
Dr. U. H. F. Peters ....... _ . ____ .. 
COALllURGII, WEST YIRGI::s'IA. 
\V. H. Ed \'\'ards .. __ .... __ ..... _ .. 
COLC:'Imu., ::~nssomu. 
Geological SunTey o:( ~Iissouri .... 
1 
l\liRsonri University . _. __ . ____ .. _. 
Dr. G. U. S\Ynllow .. ________ ...... 
COIX:'IIBL\7 SOuTH CAIWLIXA. 
South Carolina College .......... . 
University of South Uarolina .... . 
. COLG:'IIll"GS, OHIO. I 
I 
Ollio Educational Monthly ....... . 
1 Ohio Stat.e Board of Agriculture .. . 
Professor Leo Lcsquereux ........ . 
John A. ~orris ................. .. 
Dr. William B. Sullinmt ......... . 
Soule University .......... --.. . • .. 2 
COXCOim, NE\Y ILDIPSIIIRE. 
































New Hampshire Historical Society. 1 
Charlestqu :Museum .............. . 2 
Elliott Society of Nat ural History .. 
Society Library . ____ .... __ .... __ .. 
South Carolina Historical Society .. 
18 ClmDIT, ONT.UUO, c •. \.XADA. 
1 
1 Rev. C. J. S. Bethune ............ . 16 
64 _ LITERARY AND SCIENTIFIC EXCHANGES. 
Packages rece·i-ved from Ettrope, &c.-Continued. 
Address. 
DECORAH, IOWA. 
Lutheran College ...............• -. 
DELAWARE, OHIO. 
Ohio ·wesleyan University.------ .. 
Dr. Slotner ... __ .. __ .. ____ . _ .. _. _. 
DES MOINES, IOWA. 
Geological Survey of Iowa ........ . 
Iowa School Journal. ............ . 
State Library .............. _. ____ . 
Address. 
GREENCASTLE, INDIANA. 
1 Indiana Asbury University. __ .... 
HALIFAX, NOVA SCOTIA. 
1 Nova Scotian Institute of Natural 




HAMILTON, NEW YORK. 





Frank H. Bradley _. ___ . .. . . . . . . . . 2 
DETROIT, :\HCHIGAN. 
HANOVER, NEW HAMPSHIRE. 
Michigan State Agricultural So-
ciety . . . . . . . . . . . . - . - .... - - - . ~ - .. 9 Dartmouth College .............. . f) 
1 
DORCHESTER, MASSACHUSETTS. 
Dr. Eciward Jarvis ...... ----------
EASTON, PENNSYLVANIA. 
La Fayette College ............... . 
Professor T. C. Porter ... _ ..... _ ... . 
ENTERPRISE, PENNSYLVANIA. 
Joseph Gibbons .................. . 
ERIE, PE~NSYLV ANIA. 







Oliver Marcy ............ _. __ . _ . __ . 1 
FARMINGTON, CO~NECTICUT. 
Edward Norton---------- ____ ..... 5 
FORT MACON, NORTH CAROLINA. 
Dr. Elliott Cones.·-----·----· ____ . 2 
FRANKFORT, KENTUCKY. 
Geological Survey of Kentucky_.. . 11 
GAMBIER, OHIO. 
Kenyon College ........ ____ .. ____ _ 1 
GEORGETOWN, D. C. 
Dartmouth Obervatory ... _ .... _ .. 
HARLEM, NEW YORK. 
Dr. Seyffarth ... _ ..... _. . . . . . . . . . . 1 
HARRISBURG, PENNSYLVANIA. 
State Library ................ ---- ~ 
HARTFORD, CONNECTICUT. 
Young Men's Institute .. ·---------
Physical Society ................. . 
Mrs. Samuel Colt ................ . 
HAVANA, CUBA. 
Dr. Gundlach ............ ---- ... . 








Haverford College.... . . . . . . . . . . . . 1 
HAZLETON, PENNSYLVANIA. 
J. N. Porter ...... --·- ...... ----- · 1 
HUDSON, OHIO. 
·western Reserve College. 1 
INDEPENDENCE, TEXAS. 
Baylor University ............... . 1 
INDIANAPOLIS, INDIANA. 
Institution for Blind ..... _ .. _ .. _. 
Georgetown College __ .... ______ ... 8 Dr. '\V. W. Butterfield ............ . 
2 
1 
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Package~ received from Europf}, &c.-Continued. 
Address. 
INMANSVILLE, WISCONSL.~. 
·wisconsin Scandinavian Society ... 
IOWA CITY, IOWA. 
Grand Lodge of Iowa, ...........•. 
State University ................. . 
Professor G. Hinrichs ............. . 
Dr. Charles A. White .....•........ 
ITHACA, NEW YORK. 
Cornell College ................... . 
JACKSONVILLE, IJ.LINOIS. 
~ I 














St::tte Library ................... -I 4 
University of Wisconsin .... ---·-- 1 
\Visconsin Na,tural History Society. 2 
\Visconsin St::tte Agricultural So-
ciety ....... _ ..... _ . . . . . . . . . . . . 15 
:\IARIETTA, OHIO. 
Professor E. B. Andrews. . . . . . . . . . 6 
MIDDLETOWN, CONNECTICUT. 
Wesleyan University-----·-·----- 1 
Institution for Blind ...... _ ..... _.. 2 
MILLEDGEVILLE, GEORGIA. 
Oglethorpe University . . . . . . . . . . . . 1 
JANESVILLE, WISCONSIN. 
Wisconsin Institution for Blind.... 4 
MILWAUKEE, WISCONSIN. 
JEFFERSON CITY, MISSOUlU. 
Governor of the St::tte of Missouri ... 
LEBANON, TENNESSEJ~. 
Cumberland University ... _ ....... . 
Professor James Safford .. __ .... __ .. 
LEXINGTON, KENTUCKY. 
University of Tmnsylvania ..... _ .. 
LEXINGTON, VIRGINIA. 
Washington College ... __ ......... . 
M.F.Maury ...... ---··----- ...... . 





German N a,tural History Society .. 
Hon. J. A. Lapham.------ __ ·-----
1\IONTPELIEH, VEIDIONT. 
Sta.te Library .... ------ ____ -----
;\IONTTIE.\.L, C.\N.\DA. 
Geological Snrvey of Canada ..... . 
Nat ural History Society ... _ ..... . 
1 I P. P. Carpenter ...... ·-----------Professor J. \V. D::twson ... _ ...... . 
\ Si.r \V. E. Logan ........ __ .... _. _. 
I 
Dr. Sterry Hunt .... ·----- ....... . 
1 NASHVILLE, TENNESSEE. 
1 
1 University of Nashville._._ .. ____ . 











University .......... __ .. __ ... __ ... 1 
NJ<JGAUNEE, l\IICIIIGAN. 
LITTLE ROCK, ARKANSAS. 
St::tte Library ........ ____ ........ . 
LOUISVILLE, KENTUCKY. 
University of Louisville_ ......... . 
MADISON, WISCONSIN. 
~~~\~~~~~fl8;1~~;~j ~i \vi~~~;1~i1; ~~~: I 
State Historical Society of Wiscon-
sin ............................ . 
5s 
Major T. B. Brooks __ ---· __ . __ .___ 1 
34 
NEW ALBANY, INDIANA. 
New Albany Society of Natural 
History ........... ____ ..... _ .. . 
1 NEW BEDFORD, :\IASSACHUSETTS. 
John H. Thomson .......... -----· 
1 NEW IJRUNSWICK, NEW JERSEY. 
1 
I Geological Snrvey of New Jersey __ I 
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Packages received from Europe, &c.-Continued. 
NEW HAYEN, CONNECTICUT. 
American Journal of Science aml 
Art .. _ . _ .. __ . _ ....... ___ ... _ . __ . 66 
American Oriont::l.l Society . . . . . . . . . 31 
Connecticut Academy of Science... 32 
Yale Collf:\ge .... ______ ...... ______ 17 
Professor G. F. Brush . ____ .... __ . . . 5 
Professor J. D. Dana . _. __ ..... __ .. 4:i 
Professor D. C. Eaton ... __ . . . . . . . 5 
Professor E. Loomis ... _. _ .. _.. . . . . 10 
Professor 0. C. Marsh .. ---- .... _... 11 
Professor A. Newton ... __ ._._...... 6 
Professor D. Olmstead .. ____ ... ___ . 1 
Professor Palmer .... _ ...... __ . . . .. 1 
Professor B. Silliman ... ____ .... __ . 13 
Professor A. C. Twining .. ___ .. . . . . 2 
Professor A. E. Verrill ....... -----· 8 
Professor \V. D. Whitney .... _ .. __ . 13 
NEW ORLEANS, I.OUISIANA. 
Now Orleans Acallemy of Sciences.. 35 
NEW OXFOHD, PENNSYLVANIA. 
Dr. G. Pfeiffer._-_ ..... __ .. . .. . .. .. 1 
XORTH.UIPTON, MASSACHUSETTS. 
Dr. Ea.rle. ____ . _ .. ___ .. ____ .. ____ . 1 
NEW YORK, NEW YORK. 




Address. 0 ~ 
z~ 
;:::.. 
NEW YORK, N. Y.-Continued. 
Dr. J. W. Draper ....... -----· .... 1 5 
Dr. Asa Fitch ...... ----·· ........ ! 1 
General J. Fremont ........ -· ----1 6 
Dr. Gescheidt ...... ·----- ........ 1 
Henry Grinnell ... _ .. _ . . . . . . . . . . . . G 
Dr. ·william A. Hammond._.. . . . . 2 
Mr. Harlan .................. ---· 1 
Rev. G. C. Rolls.................. 1 
Dr. Francis Lieber. _________ . . . . . 1 
C. Loosey . __ . _ .. _ .... _____ ...... 2 
Dr. ,J, S. Ne,vberry .................. ------ 7 
Dr .• J. C. Nott .. . . . . .. . . . . . . . . . . .. :5 
Baron R. Osten-~acken....... . . . . 2 
Dr. Pa,ine.... .. . . . . .. . . . . . . . . .. .. 1 
Messrs. Parker & Dong las. . . . . . . . 5 
Dr. R. W. Raymond...... .... .... 1 
Victor C. Reeve...... .. . . .. .. . . .. 1 
Lewis l\L Rutherford............. 3 
E. G. Squier..................... G 
Professor George ThurlJer... . . . . . . l 
Professor John Torrey ......... _.. 3 
J. Watts de Peyster.............. 2 
OSWEGO, NEW YORK. 
Professor Raphael Pumpelly .. _. _. 3 
OXFOHD, OHIO. 
Miami Univer:s.ity ...... _... .. . .. . 1 
OXFORD, MISSISSIPPI. 
A:.-~J.erican Ethnological Society ... _ . 14 Uuiversity of Mississippi ...... _ .. 1 
2 American Geographical and St,a-
tistical Society. _____ .. _ ..... ___ _ 
American Institute. ____ ... ____ ... _ 
American Journal of Mining ... ___ . 
American Microscopical Society ... . 
Astor Library .. __ ..... _ .......... . 
Columbia College------------ .... . 
Herbarium of Columbia College .. . 
Lyceum of Natural History .... _._. 
l\1erca,ntHc Library Associa,tion .... . 
Tho Nation .. ---- ... --- .. _ ... ----. 
New York Academy of Medicine .. . 
New York Historical Society._._ .. . 
N u;ni~matic and Archmological 
tlomety .... _.. . . __ ....... __ .... . 
School of Mines .... ___ .......... . . 
United States 8anitary Commis-
sion. __ .......... ·----- ....... . 
University ........ _. _ .... _ ....... . 
AlbertS. Bickmore ... _ ........... . 
Thomas Bland .. __ . __ .. _____ .. __ .. . 
Dr. Brown, (Bloomingdale) ....... . 
Dr. John C. Dalton ......... -- .... . 
Professor E. C. Day .. -_.. _ ....... . 
Captain J. l\I. Dow. __ - ........ ~- '·. 
Eugene W. Hilg:ull .............. . 
51 
10 PEOTIIA, ILLINOIS. 
4 
4 Dr. F. BrendeL ............ . 
1~ 
1 PHILADELPHIA, PENNSYLVANIA. 
1 
90 Acallemy of Natural Sciences ..... 
2 American Entomological Society .. 
1 American Journal of Couchology .. 
5 American J onrna1 of Medical Sci-
4 cuce .. - ....................... . 
American Pharmaccutica,l Associa-
1 tion ........ _ .. ............... . 
4 American Philosophical Society .. . 
Athcnmum ..................... . 
14 Central Higll School ............. . 
7 Franklin Iustituto .............. . 
2 Girard College ........... _ ....... . 
2 Historical Society of Peunsy l vania. 
1 House of Refuge ................ . 
1 Library Compauy ............... . 
1 Medical Society of Pennsylvania .. 
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Address. 
PHILADELPIIIA1 PA.-Continued. 
North American Medico-Chirurgical 
Revie'v _ .. __ ...... _ .. -.---.- .. -
N nmismatic aud Antiquarian Society 
Observatory of Girard College.---. 
Pennsylvania Horticultural Society_ 
Pennsylvania Institute for Blind.--
Pennsylvania Institute for Deaf and 
Dumb ----------- -·-·-· ---- .... 
Pennsylvania Society for Prevention 
of Cruelty to Animals .....•...... 
Philadelphia College of Pharmacy. 
Public Schools .................. .. 
University of Pennsylvania ..... __ . 
Wagner Free Institute of Science .. . 
E. R. Beadle .................... .. 
W. G. Binney .................... . 
L. Blodget _ ....... - _ ............ .. 
H. C. Carey ..... . ···--· .......... . 
G. W. Childs .................... .. 
Dr. E. D. Cope ...... ------ ...... .. 
E. T. Cresson _ .. _ ... _ .... __ ... ---. 
Lemuel J. DeaL ... -....... - ... -- .. 
Bennnt Dowler .................. .. 
W. H. Edwal'(ls .. ____ ........ -- ... 
W.l\I. Gabb ...................... . 
C. F. Hage1oru .. __ ........ - . - - --. 
R. Hare .......... ··--·· ...... ----
Dr. Isaac Hays. _ . __ . -- .... - .. -- .. -
Dr. George H. Horn .............. -
Dr. Isaac Lea .. -- .... -... ----- .. --
Dr. John L. LeConte ............. . 
Dr. J. Leidy ..................... . 
J.P. Lesley .......... ____ .... -----
B. V. Marsh ...... ------------ .... -
Dr. J. A. Meigs ................... . 
Dr. S. Weir :MitchelL_ ........ _ ... -
Dr. John H. Packard ............. -
Dr. M. Richardson_ ............... -
Dr. Th<>iss .. __ ................... _ 
G. \V. Tryon, j r _ ................. . 
Professor \V. vV agncr ....•. _ ...... . 
Dr. H. C. Wood ...... ------ ..... . 
PORTLAND, 1\IAI~E. 
Maine Journal of Education ...... . 
Portland Society ofN at ural History. 
Dr. A. C. Hamlin ................ .. 
POUGHKEEPSIE, NEW YORK. 
Observatory of Vassar College .... . 















































Professor Albert D. Hager ... _. _ .. 
PROVIDENCE, IUIODE ISLAND. 
Brown University .. _ ~ ........... . 
Rhode Island Historical Society. _. 
Rev. Dr. Casvwll ............... .. 
Stephen Olney .................. . 
Ed win M. Snow ................ .. 
QUEBEC, CANADA. 
Literary and HistoricaL Society ... 
QUINCY, ILLINOIS. 
Professor Rossmiissler .. _ ...... __ . 
RALEIGII, NORTH C.\.ROLINA. 
Dr. J<'isher. __ ......... _ . _. _ ..... . 
Professor vV. C. Kerr ......... _ .. . 
l'tED WING, MINNESOTA. 
Hamline University ............. . 
lUCIDIOND, VIltGINIA. 
State Library .................. .. 
Oswalcl J. Heinrich .............. . 
ROCHESTEH, NEW YOHK. I 
Dr. vV ::trd ....... .......... _ . _ . .. . 
ROCK ISLAND, ILLINOIA. 
B. A. Walsh .................... .. 
ST. LOUIS, l'IIISSOUIU. 
Deutsch?S Institut zur Befonlerung II 
der \VIssenchaftcu ............. . 
Journal of Education ........... . . 
St. Louis Academy of Sciences ... . 
University ...................... . 
Erust von Angclrout .......... _ .. 
Professor vVillia,m Chan venct .. _ .. 
Dr. G. Engelmann .. _ ............ . 
Dr. Holmes .... _ ..... _ ......... .. 
Dr. H. A. Prout .............. _ .. . 
Ma,nrice Schuster ... _ ....... .... . 
Dr. B. F. Slmm::trcl .............. .. 



























Minnesota Historica,l Society .. __ . . 6 
PRINCETON, NEW JERSEY. 
College of New Jersey ............ . 
A. D. Brown .........•............ 
Professor A. Guyot ................ . 
SALE;\11 :MASSACHUSETTS. 
10 
2 \ Essex Institute ................. .. 
8 Peabody Academy of Science ..... , 
61 
6 
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P£wkages rece-ived j1·om Europe, &c.-Continued. 
Address. 
SALEM, MASS.-Continued. 
Dr. A. S. Packard, jr ...•........... 
William S. West ................. . 
SALEl\1, OREGON. 
Wiltamette University ........... . 
SAN FRANCISCO, CALIFORNIA. 
California Academy of Sciences ... . 
Geological Survey of California ... . 
H. G. Bloomer. ................... . 
H. N. Bolander ... ,. ............... . 
S. Brannan, jr .................... . 
H. Ed wards ...................... . 
Captain Eldridge ............... _ .. 
Baron Richthofen ................ . 
SANTA BARBARA, CALIFORNIA. 
Alexander Taylor ................. . 
SANTA CLAI~A, CALIFORNIA. 
University of the Pacific .......... . 
SAUK RAPIDS, MINNESOTA. 
J. H. Kloos ..........•............. 
SING SING, NEW YORK. 
Dr. G. J. Fisher ................. .. 
Dr. W. H. Helm ...•............... 
SPRINGFIELD, ~LLINOIS. 
Geological Survey of Illinois ...... . 
Illinois State Agricultural Society .. 
The Schoolmaster, NormaL ....... . 
Professor A. H. Worthen .......... . 
TORONTO, CANADA. 
Canadian Institute ............... . 
Literary and Historical Society ... . 
Observatory ..................... . 
University of Canada ............. . 
Dr. Samuel Wilson .............. .. 
Address. 
UTICA, NEW YORK. 
14 American Journal of Insanity .... . 

























Colonel E . • T ewett ............... . 
WASHINGTON, D. C. 
President Grant ................. . 
American Nautical Almanac ..... . 
Bureau of Navigation ........... . 
Bureau of Ordnance and Hydro-
graphy .............. - ........ . 
Bureau of Statistics ... _ ..... _ ... . 
Census Bureau .................. . 
Corps of Topographical Engineers. 
Department of Agriculture ...... . 
Department of Education ....... . 
Engineer Bure::m. _ .............. . 
Hydrographic Office ......... _ ... . 
Interior Department ............ . 
Library of Congress ......... _ ... . 
National Academy of Sciences ... . 
Navy Department ... _ ........... . 
Ordnance Bnreau ................ . 
Quartermaster General's Office. __ . 
Secretary of the Navy ....•....... 
Secretary of State ............... . 
Secretaty of the Treasury ...... _. 
Secretary of ·war ........ _ ..... .. 
State Department ............... . 
Surgeon General's Office ......... . 
Survey of North American Lakes .. 
Topographical Bureau .........•.. 
United States Coast Survey ...... . 
General Land Office ........... _ .. 
United States Naval Observatory .. 
United! Sta.tes Patent Office ...... . 
vVar D.ep:1rtment ........ _ ..... .. 
vVashington Public Schools ...... . 
Colonel H. L. Ablwtt ............ . 
F. L. Apel. .................... .. 
ProfessorS. F. Baird ............ . 
Hon. Henry Barnard ... _ ........ . 
WATERVILLE, MAINE. 
Waterville College .............. . 
WORCF...STER, MASSACHUSETTS. 
American Antiquarian Society .... 
Total addresses of institutions ...................................... _.. 238 
Total addresses of individuals...... . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 263 
Total number of parcels to institutions .................................. 3, 245 









































- .-- 4,130 
LIST OF METEOROLOGICAL STATIONS AND OBSERVERS OF THE 
SMITHSONIAN INSTITUTION FOR THE YEAR 1869. 
B. signifies barometer; P. psychrometer; T. thermometer; R. rain gauge; .A.. all four instruments; 
N. no instrument. 
Station. 
BIUTISH AllfEIUCA. 
St. John, Newfoundland ........ . 
Stan bridge, Quebec, Canada ... . 
Wolfville, (Acadia College,) 
N O\"a Scotia. 
Clifton, Ontario, Canada ....... . 
Abitibi Post, Iludson Bay Terri-
tory. . . 
St. John, New Brunsw1ck . ..... . 




Name of observer. ~~ ..... -........ 
0 
~ 
Caswell, Rev. R. C. . . . . . . 47 33 
Gilmour, A. H. ,T.. . . . . . . . 43 8 
Riggin~, Prof. D. F. . . . . . 43 6 
"5'_o 















,Tone!', \V. Martin.>- ............... .. .. .. ...................... ... 
Lockh:ut, James .................................................................... ... 
Murtlock, G ............. 43 16 42 
Stewart, James ......... 49 32 

















Mirador, Vera Cnlz. . ..................... Sartorius, Dr. Charles... 19 14 40 96 :!5 3, 600 A. 
BEl:MUDA. 
Center Signal Station, St. Georges 
ALABAJI[A. 
Carlow ville, Dallas Co .............. . 
Nea.r Havana, fl;:tle Co ............. . 
Monlton, Lawrence Co ........... . 
Opilika, Lee Co ...................... . 
Mobile, Mobile Co .................. . 
Greene Springs School, Ilale Co 




Helena, Phillips Co ......................... 
CALIFORXIA. 
Monterey. Monterey Co ........... .. . . 
Chico, Butte Co .. ................ .. ... 
Watsonville, Santa Cruz Co ....... 
Murphy's, Calaveras Co . ........ 
Mare Islaml. ............................ 
Vacaville, Solano Co ...................... 
Stony Point, Sonoma Co .. ......... .... 
Paradise City, Stanislaus Co .... 
COLOJtADO TElUUTOl<Y. 
Denver, Arapahoe. Co ................. .. 
Canon City, Fremont Co .......... 
CONNECTICUT. 
Pomfret, Windham Co .......... 
]\fiddletown, .Mi,l!llcsex Co ........ 
Colebrook, Litchfield Co .............. 
Brookfield, .Fairfield Co ............. 
Watet·bury. New Ilaven Co ......... 
Columbia, Tolland Co ..................... 
DELAWAUE. 
Royal Engineers, (in the 
Royal Gazette.) 
, A. 
Alison, H. L .. M. D............ 32 10 87 15 300 T. R. 
Jennings, S. K., M.D .... 3;} 30 87 41 500 ~- T. R. 
Peters, T.bomas M . . . . . . 34 27 85 25 643 B. T. R. 
Shields, Miss Ella IL ... . . . ... . . . . . . . ... . . . . . . . . ... . . ... . . ... ... ... ... . ... T. R. 
Taylor, L. B ................... 30 41 34 88 10 14 T. R. 
Tutwiler, Prof. IT . . ... ... . . . 32 50 87 46 500 T. R. 
Vankirk, ·w.J ............. ------------ ........ .............................. T.R. 
Bryant, Charles ............... 57 2 51 133 16 15 10 B. T. R. 
Russell, 0. F ........................ 34 32 52 90 8 46 T. 
Canfield, Dr. C . .A. ......... 36 36 121 52 34 .A.. 
Cheney, Dr. \V. F ........ :~9 44 45 121 44 37 150 T.R. 
Compton, Dr . .A.. J ....... 36 56 121 46 40 45 T.R. 
Cutting, Ephraim . ... ..... . 3l:! 10 120 30 . 2, 201 T.R. 
Namlilos~ital. ................. :38 6 19 122 15 1!) 29~ B.T.R. 
Simmons, rof. J. C ......... 38 21 21 121 58 23 175 B.T.R. 
Thornton, Dr ............... 38 40 122 50 500 T.R. 
Wright, J.W . .A. .......... 37 30 120 55 123 P.T.R. 
Byers, ·william N., and 39 47 105 5,350 R. 
S. Y. Sopris. ' 
Macon, Thomas ............... 38 30 105 4, 700 R. 
Ilnnt, ;Rev. Daniel ........ 41 52 30 7Z 20 587 .A.. 
Johnson, P1·of. John ..... 41 33 72 39 205 .A.. 
r.o,·kwell, Miss C 42 73 3 1, 210 T.R. 
Roe, llev. Sanford W ...... 42 27 7:1 33 100 T.R. 
\Villiams, llcv. ll. G 41 33 73 2 ·----- B.T.R. 
Yeomans, \Villiam G .... 41 40 7:.! 42 T.R. 
Milford,KentCo ........................... j Whittier,Mrs . .A..C ........ 38 55 75 30 T.R 
~::r:.·J:r:':l~:~~;:_~. ::::: :: I ~~~~~ E~;;;;;," : : -: : : : 1-~~- ~~- ............ _ II_ ~~ .. -... -- ... . . . --~~- I 
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;::l 15 ~~ 
~ oai 
.., .:.., 
Name of observer. ~:g 
-"t:l ~ ~ 
OP. 
~p s·s 
ell~ !: Q ,... .., '$ . .., 0 




Pilatka, Putnam Co _____________ Fiske, W.M.L __________ ------------ --------·--· ------ A. 3 
PortOrange, VolusiaCo ........ Hawks, Dr . .T. M., and------------------------------ T. 12 
Mrs. 
Lake City, Columbia Co......... Ives, Edward R......... 30 10 82 40 184 T. R. 1 
Chattahoochie Arsenal, Gadsden Martin, M. ___ . __ ........ 30 48 84 48 180 T. R 9 
Co. 
Near Pilatka, Putnam Co .. -.... Robinson, Gen. Geo. D.__ 29 45 82 20 . _____ P. T. R. 
GEORGIA. 
Macon, Bibb Co. ___ . ! .---------. 
Atlanta, Fulton Co ............ . 
St .  Mary's, Camden Co ......... . 
Macon, Bibb Co ................ . 
Penfield, Greene Co ____________ _ 
Macon , Bibb Co _______________ .. 
Adams, .r. F .. __ . _ .. __ ... 32 50 83 37 339 T.R. 5 
Declmer, 1<'., and sons .. _ 33 45 84 1, 050 T.R. 11 
Hillyer, H. L ...... __ .... 30 50 81 40 25 T.R. 7 
Proctor, Miss S. M ...... 32 50 83 30 30 1, 300 A. 3 
Sanford, Prot: S. P. __ . _ .. --- ·-······- ----·------- T.R. 12 
Whitney, Miss S . .r ...... 32 47 83 47 1, 300 A. 5 
ILLL\'OIS. 
Elmore, Peoria Co .. _ .. - - - - - .. - .. 
Ne::tr Tiskilwa, Bureau Co ..... . 
S:tndwich, De Kalb Co ......... . 
Elmira, Stark Co ............... . 
Andalusia, Rock Island Co .. _ .. . 
Peoria, Peoria Co . _ . _ .... _ ... _ .. 
Springfield, Sangamon Co ...... . 
Chicago, Cook Co ..... ___ ..... .. 
Alta, Lee Co .................. .. 
Louisville, Clay Co .. _ ......... _. 
Loammi, Sangamon Co ... _ .. _ .. . 
Decatur, Macon Co __ ... _. __ ... . 
Mount Sterling:, Brown Co ..... . 
Golconda, Pope Co __ ........... . 
Pana, Christian Co._ ...... _ ... _. 
Near South Pass, Union Co ..... . 
Adams, W.H ------·-·--- ·----------- R. 10 
Aldrich, Verry .......... 41 15 89 15 550 T. 12 
Ballou, N. E ............. 41 31 88 30 665 A. 12 
Blanchard, 0. A ....... _ .. 41 12 90 15 T.R. 9 
Bowman, E.H ·--------· 41 25 90' 46 ll.T. 12 
Brendel, Dr. F .. ! ... ___ . 40 43 89 30 440 A.. 12 
Brinkerhoff, Geo. M ..... 3!) 48 89 33 T. 12 
Brookes, Samuel _ . _ ... _ . 41 87 T. 12 
Carey, DanieL._ ... __ . _. 41 45 89 T. 12 
Chase, Dr. D. H ....... _. 38 40 88 30 T.R. 11 
Dudley, Timothy ....... 39 40 90 680 T.R. 8 
Dudley, Timothy . __ . __ . 39 40 89 10 T.R. 3 
Duncan, Rev. Alexander_ 40 91 15 T.R. 12 
Eldridge, W. V _ ....... _ . 37 41 88 46 T.R. 12 
Finley, Dr. Thomas _ .. _ 39 24 21 89 6 735 T.R. 7 
Freeman, H. C __ ... _ .... ----·-···--· -----------· 650* T.R. !) 
Manchester, Scott Co .... _ ...... . 
Wnpclla, De 'Witt Co .......... . 
Mattoon, Coles Co. __ ........... . 
Marengo, McHenry Co ......... . 
Chicago, Cook Co ............. _ .. 
Galesburg, Knox Co ..... _._ .. __ . 
Evanston, Cook Co .... _. ___ .... . 
Augusta, Hancock Co .......... . 
Ottawa, La Salle Co ..... _ ... __ .. 
Belddere, Boone Co .. ___ .. __ ... _ 
Grant; John, and C. W .. 39 33 90 14 36 A. 12 
Graff, T. Louis ___ ....... 40 11 89 7 N. 12 
Henry, '\V. E ............ _ 39 29 10 --- --------- 740 T.R. 5 .Tames, .r. w ____________ 42 13 88 31 780 T.R. 8 
Langgii th, .r ohn G., jr _ . _ 42 87 30 600 A. 11 
Li.vingstou, Prof. W .. __ . 40 55 90 25 A. 12 
Marcy, Prof. Oliver . __ .. 42 1 87 38 570 A. 12 
Mead, Dr. S.B .......... 40 10 91 .A. 12 
Merwin, i\{rs. E. H ...... _ 41 20 88 47 T.R, 10 
Moss, G. B. ........... - -- 42 15 88 47 T.R. 12 
Near Wyanet, Bureau Co ...... _. Phelps, E. S., 
L.E. 
and Miss 41 30 89 45 T.R. 11 
Marengo, McHenry Co ....... _ .. 
King's Mills, Kane Co. _ .. _ ..... . 
Rogers, 0. P ., and F ..... 42 14 88 38 842 B.T.R. 
Spaulding, Dr. A., and 41 45 88 22 696 A. 
Mrs. 
Dubois, Washington Co .. _ .... _. 
Waterloo, Monroe Co ...... _ . _ .. 
Wim1ebago Depot, Winneoago 
Co. 
Spencer, W. C.' ... ---- ___ 38 14 89 16 405 T.R. 12 
Sum, l<'rancis .... _ .... _ .. 38 30 90 20 T.R 5 
Tolman, .r. W., and Miss. 42 17 89 12 900 B.T.R. 12 
Effiugham, Effingham Co ....... . 
Warsaw, Hancock Co ..... _ ... _. 
Thompson, Dr. W _ .. ____ 39 3 88 5 592 T.R. 4 
Whitaker, B ............. 40 20 91 31 T.R 12 
INDIANA. 
Near Laporte, Laporte Co. _. _ .. . 
Mount Carmel, Fr:anklin Co ... _ . 
Valparaiso, Porter Co_ ......... . 
Andrew, Fred. G ........ ------------ ------------ 184* T.R. 6 
Applegate, .r. A. and 39 22 84 51 900* T.R. 8 
daughter. 
Beer, Rev. Robert _ .. __ .. 41 29 87 6 R. 2 
Vevay, Switzerland Co .... _ .... . 
New Harmony, Posey Co ....... . 
Laconia, Harrison Co , ......... . 
New Albany, Floyd Co .... - .... . 
Spiceland, Henry Co .......... _. 
Knightstown, Rush Co . _ .... _ .. 
Bloomin~ton, Monroe Co .. _. _. _. 
MArom, ;:;ullivan Co __ .......... . 
.Tubpa, Grant Co ............ -.. . 
Muncie, Delaware Co .. _ ..... _ .. 
Reus~c-laCl', Jasper Co ..... _. __ .. 
Boerner, Charles G. _ .... 38 46 84 59 20.5 525 A. 12 
Chappelsmith, John .. _ .. 38 08 87 50 330 I A. H 
Crosier, A. ..... _ ........ 37 47 85 50 T.R () 
Crosier, Dr. E. S ......... 38 02 85 32 553 B.T.R 2 
Dawson, William _______ 39 48 85 18 1,025 ll.T.R 10 
Deem,D ................ 39 46 85 24 800 A. 12 
Dodd, Prof. C. M ........ 39 15 86 28 771 A. 10 
Holmes, Thomas ........ 39 5 87 40 T.R. 12 
Irwin, .A.. C .... __ ....... 40 40 85 43 T.R. 5 
Kemper, G. W. H., M.D. 40 12 85 16 T.R. 11 
Lou:;hritlgc, .r. H ____ .. _ . 1 40 56 87 13 725 T. n. 8 
,,. Estim:ttcd. 
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List of meteorological stations and observers, .J·c., for the year 1839-Continued. 
~ Tn 
ul "' ~ ..::l· l=i Q.) -~ 
c5 oc5 !=i<l.l 
Stations. Name of observer. __.'0 -~ ~ s 0~ 
12.8 +>P ..::l ::s 
S'@ 




~ ~~ ~ ~ 
---- -
L~DIANA-Continucd. 
0 I Feet. 
Columbia City, Whitley Co . . . . . McCoy, Dr. F. and Miss . 41 10 85 30 T. R. 11 
J,afayctte, Tippecanoe Co ....... Newton, J. W ............................. ...... . ..... B. T. R. 8 
C:umeltou, Peny Co . . . . . . . . . . . . Smith, Palmer . . . . . . . . . . 37 57 86 41 30 367 B. T. R. 2 
Kentland, Newton Co........... Spitler, Daniel.......... 40 56 87 12 725 T. R. 8 
Aurora, Dearborn Co ....... . .... Sutton, George .......... 39 5 54 134 54 509 A. 12 
llnrveysburg, Fountain Co...... Williams, Mrs. Dr. B.C.. 39 55 b7 40 T. R. 10 
Indianapolis, Marion Co......... Woolen, Dr. G. V........ 39 47 87 6 698 A. 12 
IOWA. 
Boonsboro, Boone Co . ........... 
Lizard P. 0., Pocahontas Co ..... 
Vawter's Grove, A clair Co . . .... 
Mount Vernon, Linn Co ......... 
Guttenberg, Clayton Co ......... 
Near Algona, Kossuth Co ....... 
Ncar Newton, Jasper Co . ....... 
Clinton, Clinton Co . . . ........... 
Dubuque, Dubuque Co ... . .... 
\Vaukon, Alamakec Co .......... 
l!'ort Dodge, \V cbstcr Co ........ 
\Vest Union, l!'ayettc Co ....... . 
Ncar Fort Madison, Lee Co ... . . 
Grant City, Sac Co . . ............ 
Monticello, Jones Co ............ 
Iowa City, Johuson Co ....... . . . 
DaYenport, Scott Co .. ........... 
WatPrloo, Black Hawk Co ...... 
llarrifl Grove, Harrison Co ...... 
Near Rolfe, Pocahontas Co ...... 
Minrral Ridge, Boone Co ........ 
Spring GroYe, llardin Co ...... , . 
M uscatilw, Mnscatin<' Co ........ 
The \Voodlands, Floyd Co . ...... 
Independence, Buchanan Co ..... 
Algona, Kossuth Co . .. . ......... 
Byron Township, Buchanan Co .. 
Whitesboro, llarrison Co . ....... 
Vinton, Benton Co .............. 
Bowen's Prairie, Jones Co ....... 
KAXSAS. 
Olathe, Johnson Co ............ . 
Near Ames, Story Co ........... . 
Burlington, Coffey Co .......... . 
Crawfords·dlle, Crawford Co ... . 
Neosho Falls, \Voodson Co ..... . 
Atchison, Atchison Co ......... . 
Bnxter SpringR, Cherokee Co ... . 
Manhattan, Riley Co .......... . 
)l'"ear Leroy, Co-ffey Co ......... . 
Lawrence, nouglas Co ......... . 
Leavenworth, Leavenworth Co .. 
Near Paoli, Miami Co .......... . 
llolton, Jackson Co ............ . 
Council Grove, Morris Co ...... . 
KENTUCKY. 
Danville, Boyle Co ............. . 
Clinton, llickman Co . .......... . 
Louisvme, Jefferson Co ........ . 
Pine Grove, Clark Co .......... . 
Arcadia, Lincoln Co . ........... . 
Lexington, Fayette Co ......... . 
Lexington, ·Fayette Co . . . . . . . . . 
Springdale, (ncar Louisvillo,)J cf-
ferson Co. · 
Babcock,E ... .. ........ 42 
Bruce, J. J .............. 42 30 
Bryant, A. F ............ 41 20 
Collin, Prof. Alonzo ..... 42 
Dickinson, James .P ..... 43 
Donvcil(·r, P ............ 43 
Failor, A ............... 42 
Farnsworth, P. ,T .....•.. 41 47 
llorr, Dr. A. and E. W ... 42 30 
llancock, E. M ......... . ------ · -----
Jorg-enson, C. N ......... 42 30 
McClintock, F .......... 42 58 
McCready, DanieL ...... 40 37 
Miller, E., and Mrs. It. .. 42 16 
Moulton, M.JU .......... 42 15 
Parvin, Prof. Thomas S . 41 36 53 
Sheldon, Prof. D. S ...... 40 31 
Steed,D ................ 42 30 
Stem,_Jacob F .......... 41 
Strong, Oscar I. ......... 42 50 
Sullivan, ,J. T ........... 42 (j 
Townsend, N .......... 43 32 
Walton, J. P ............ 41 25 
Wndey,II . ...... .. ..... 43 
\Varnc, Dr. Georg-e .. . ... 42 25 
Warrell, James II . ...... 43 5 
\Vheaton, l!frs. D. B ..... 42 29 25 
Witter, D. K. and Miss 41 38 
M.E. 
Wood, James ........... 42 15 
Woodworth,S .......... 42 15 
Beckwith, W .. . .. . . . . . . 38 50 
Cotton, John M . .. . . .. . 42 
Crocker, .Allen.......... 38 8 
Daniels, Percy . . . . . . . . . . 37 53 
Groesbeck, Mrs. E. \V... 37 
Horn, Dr. H. B. and 39 42 
Miss C. 
Ingraham and llylan<l.. 37 3 
Mudge, Prof: B.]' . . . . . . . 39 12 
Shoemaker, J. G . . . . . . . . 38 6 28 
Snow, Prot: F. II . . . . . . . . 38 55 
Stayman, Dr. J .......... 39 20 
Walrad,L.D ........... 38 30 
Walters, Dr. James ..... 39 27 














94 57 36 
91 15 





















I !)4 37 !)6 40 


















































Boatty, 0 . . . . . . . . . . . • . . . :n 40 8430 000! B. T. J 
Cleland, T. H . .. .. .. .. . . 36 40 8!l 10 . . .. . . T. R. 
Manly, Dr. Samuel D.... . . . . . . .. .. . . . .. .. . . .. . . . .. .. . . ..1. 
Martin, Dr. Samuel D ... 38 4 . . . .. . . .. . . . !)78 A. 
Shriver, Howard ........ 37 34 84 30 !)00* A. 
Williams, N . . . . . . . . . . . . 38 li 8,1 18 930 A. 
Williams, S. R ......... _. 38 6 8,1 18 !)50 A. 





















































72 METEOROLOGICAL STATIONS AND OBSERVERS. 
List of rnetcorological stations ancl observers, g·c., for the year 1869-0ontinued. 
Station. Name of observer. 
!2 ~­






0 f /1 Feet. 
Benton, Bo~sier Parish.......... Carter, .J. H .... . ........ 32 30 !J3 45 
New Orleans, Orleans Parish .... Foster, R. W ........................................ .. 
Shreveport, Caddo Parish...... . Lea yen worth, F. P...... 32 :n 93 45 237 
1\IAINE. 
Houl~on, "'3foostook Co .......... Fernald, C. H ........... 46 7 67 49 24 470 
Gardmer, cnnebec Co ......... Gardiner, R. H .......... 44 53 ()9 45 50 
Cornish, York Co ........... Guptill, G. W .. .. .. . . .. 43 40 70 44 800 
Lisbon, Androscoggin Co ....... Moon\ .A. sa P ........... 44 70 4 130 
Standish, Cumberland Co ....... Moulton, .John P ........ 43 45 70 30 280 
Steuben, Washington Co ........ Parker, .J. D ............ 44 31 21 67 57 34 501 
J;tumford Point, Oxford Co ...... PettingHl, W ........... 4-! 30 70 40 600 
Williamsburg, Piscataquis Co ... Pitman, Edwin ........ 45 21 69 71 
Oxford, Oxford Co ............... Smith, Howard D ....... 44 8 70 33 
Cornish, York Co ............... West, Silas ............. 43 33 70 50 784 
West Waterville, Kennebec Co .. Wilbur, B. F ............ 44 30 ()9 46 ·-----
MARYLAND. 
Annapolis, Anne Arundel Co .... Goodman, William R .... 38 58 7G 29 20 
Frederick, Frederick Co ........ Hanshew, .John K ....... 39 24 77 26 30 
Emmittsburg, Frederick Co ..... .J ouruan, Prof. C. H ..... 39 40 77 20 
\Voodlawn, Cecil Co ............. McCormick, .James 0 ... 39 38 76 4 
Emmittsburg, Frederick Co ..... Smith, Eli .............. 39 43 15 77 26 45 498 
St. Mary's City, St. Mary's Co ... Stephenson, Rev . .J ...... 38 10 76 30 45 
MASSACHUSETTS. 
Richmond, Berkshire Co ........ Bacon, \Villiam ......... 42 23 73 20 1,000 
West Newton, Middlesex Co .... Bixby, .John H .......... 42 21 71 17 55t 
Newbury, Essex Co ............. Caldwell, .John H ....... 42 43 7G 55 25 
Lunenburg, Worcester Co ....... Cunningham, George ..A. . 42 35 71 43 450 
Hinsdale, Berkshire Co .......... Dewhurst, Rev. E . ...... 43 27 73 7 
Worcester, ·worcester Co ....... Draper, .Joseph, M. D ... 42 16 17 71 48 13 528 
Lawrence, Essex Co ............. Fallon, .J ohu ............ 42 42 13 71 10 13 143 
Williamstown, Berkshire Co .... Hopkins, Prof . .A. ..• •• ... 42 42 37 73 12 42 686 
Topsfield, Essex Co ............. Merriam, Sidney .A. .••.. 42 38 70 57 
Mendon, Worcester Co .......... 1\Ietcalf, .J. G .. .......... 42 6 23.23 71 33 3$, 97 ------
North Billerica, Middlesex Co ... Nason. Rev. Elias ....... 42 35 9 70 16 30 20* 
Kingston, Plymouth Co ......... Newcomb, Guilford::; .. 42 70 45 60 
Georgetown, Essex Co .......... Nelson, S. Augustus, .... 42 42 71 
Cambridge, Middlesex Co ....... Perry, Rev. .r. B., and 42 20 7111 40 
Mrs. 
· New Bedford, Bristol Co ........ Rodman, Samuel ........ 41 39 70 56 90 












































































Old Mission, Grand Traverse Co. 
l-itchfield, J,itchfielcl Co . ....... . ~l1ii;l?:Rp::::::::::::: :~ 6Z 45 ~~ ~~ 10 1,g!g lT~R. 6 12 
12 
11 
()t,;ego, .Alleg-an Co ............. . Chase, Dr. Milton....... . . .. . . .. .. . . . . . . . . . .. . . . .. .. .. T. 
O: :tonagon, Ontonagon Co ...... . Ellis, Dr. Edwin........ 46 52 8!) 30 620 T. 
l'ennsylvania Mine, Kcwenaw Griffith, Richard H .................................... B. T. R. 
Co. 
Grand Rapids, Kent Co ........ . 
Lansing, Ingham Co ........... . 
Oshtemo, Kalamazoo Co ....... . 
.Pleasanton, Manistee Co ....... . 
Muskegon, Mnskegon Co ..... . . 
Su,gar Island, Alpena Co ....... . 
Coldwater, Branch Co . ........ . 
Homestead, Benzie Co ......... . 
Holland, Ottawa Co ............ . 
North Port, Leelanaw Co ...... . 
Monroe, Monroe Co ............ . 
Central Mine, Keweeuaw Co ... . 
MINNESOTA. 
Holmes, Dr. E. S ........ 43 85 40 780 
Kedzie, Prof. R. C .. . . .. .. ........................... . 
Mapes, H. H ................................... . 
Millan!, .Joseph D. . . . . . . 44 25 86 10 750 
Pattison, II . ..A. ....................................... . 
Paxton, .J. W . . . .. .. .. . . 45 2 12 83 5 40 574 
Southworth, N. L ... ................................. . 
Steele, Geo::gc E........ 44 35 86 30 
Streng, L. li ............ 42 42 86 
Smith, Rev. George N ... 45 8 85 41 
Whelpley, Miss Helen I. 41 58 83 23 




Afton, Washington Co.......... Babcock, Dr., & Mrs.B.F 44 50 !)3 950 
1,225t 
856 
Sauk Centre, Stearns Co........ Bloomfield. Smith....... 45 53 55 !J5 22 2 
Minneapolis, Hennepin Co ...... Oheney, William....... 44 48 93 10 
• Above Concord River. tEstimatcd. 
T. 12 
.A.. 12 
N. I 12 
T. R. 112 
B. T. R. 11 
B. T. R. 11 
T. R. 1 12 T. 4 
T.R. 2 
T.R 12 
'I'. R. 12 







1\IF..'!'EOROLOGICAL STATIONS AND OBSERVERS. · 
List of meteorological stations ancl obserrers, <fc., jo1· the yew· 1869-Continucd. 
Station. Name of observer. 
::ms:~msOTA-Continued. 
0 I II 
St. Cloud, Strarns Co . . . . . . . . . . . Garrison, 0. E . . . . . . . . . . 45 36 
Rochester, Olmsted Co.......... Milmine, Alfred . . . . . . . . 44 
Madelia, \VatonwaCo .......... Murphy, IV. W ......... 44 
Snint Paul. ltnmst>y Co .......... Paterwm, Ticv. A. B .... 44 54 46 
"White Earth Ucser>at'n, Becker Pyle, Dr. D . . . . . . . . . . . . . 47 50 
Co. 
New Ulm, Brown Co ............ Roos, Charles ........... -lA 16 
Beaver Bay, Lake Co ............ IVicland, C ............. 47 12 
Sibley, Siblry Co ................ Woodbury, C.W., & C. E. 44 31 
Koniska, McLeod Co ............ Young, Thomas:!\! ...... 45 10 
MISSISSIPPI. 
Marion. Lamlcnlale Co.......... Florer, T. W............ 32 25 
Columbus, J,owndes Co ......... J,ull, .James S ........... 35 30 
Nenr Brookhaven, Lawrence Co Keennn, T. J. R ......... 31 34 
Natchez, Adams Co ............. McCary, IV ............. 31 34 
Grenada, Yalabusha Co ......... Moore, Albrrt .......... 33 45 
llrooldmveu, Lawrence Co ...... Moore, Thomas B .. , ... 31 37 






























Harrisonville, Cass Co ......... . Christian, .Jobn ...................................... . 
Jefferson City, Cole Co ......... . 
Allentown, St. Louis Co ........ . 
Oregon, llolt Co ................ . 
East Prairie, Missh;sippi Co ... . 
Hermitage, IIiekory Co ........ . 
\Varrcnslmrg, Johnson Co .... .. 
Bolivar, J>olk ................. .. 
Near Holla, Phelps ............ . 
Hematite, JcffPrson Co ......... . 
St . . Louis, St. Louis Co ......... . 
DeWegl, N ............ . 
Fendler, A ............ .. 
Rancher, IV ........... . 
Miller, A ............. .. 
Moore, Dr. W .... ...... . 
Pollock, Rev . .J. E ...... . 
Race, .J. A ............. . 
Ruggles, Jlomer ....... . 
Smltl1, .J obn M . ........ . 
Stuntebeek, Re>. :I!'. H., 
and Rev. I. Straetmans. 
38 20 
3tl 2!l 







38 37 28 
[};2 (ij0 
90 45 482 
95 10 1, 100 
93 16 
9:.1 40 coo 
9:3 20 1, 000 
!ll 33 
no :11 475 






























Keytesville, Chariton Co ....... . 
1\IOXTANA. 


































Benton City, Chouteau Co .. .. .. CleYenger, Dr. S. V..... . . . .. . . .. .. . . . . .. . . .. . . . 'l'. lt. 4 
Deer Lodge City, Deer Lodge Co. Stuart, Granville .. .. . .. 46 40* 112 40* 4, ~HO T. R 12 
NEBRASKA. 
Richland. Washington Co ...... . 
Dakota City, Dakota Co ........ . 
Ncar !Jellevne, Sarpy Co ....... . 
Drcatur, Burt Co .............. . 
Gl~tulale, Cass Co .............. . 
Fontanelle, w·ashington Co .... . 
Hlackbirtl Hills, Burt Co ....... . 
l'eru, Nemaha Co .............. . 
Nehmslm City, Otoe Co ........ . 
De ~oto. 1\ashingtou Co ....... . 
Nebraska City, Otoe Co ........ . 
NEW IIA111PSUIRE. 
Tamworth, Canoll Co ......... . 
Stmtford, Coos Co ............. . 
Dun barton, Merrimack Co ..... . 
Hnnth Antrim, Hillsboro' Co ... . 
1\TititdiPld. Coos Co ............ . 
Sht>lhnrne, Coos Co ............. . 
North Bam stead, Belknap ..... . 
Concord, Merrimack ........... . 
NEW JERSEY. 
Bowen, .JohnS ......... . 
Brown, II. H ........... . 
Caldwell. Mrs. E. E .... . 
Case, Dr. G. C ......... . 
Child, Dr. A.. L., auu 
MissJ. E. 
Gibson, II ............. . 
IIamiltoiJ, llev. W ..... . 
McKenzie, J. M ........ . 
Pettinger, .J. M ........ . 
Seltz, Charles .......... . 














42.io ...... ·06 ......... ::::::1 
40 !)5 45 I, 000*1 
40 42 !)5 4.) l, 2:25 
41 50 9G 97.) 
40 42 !Jj 4.3 1, 22.3 I 
Bre"''ster, A ............ 43 48 71 1il .... ·I 
Brown, B ............... 4·1 40 71 7 l, 000 
Colby, A. ................ 4:.1 6 71 3.3 730 
Ilurlin, Rev. William . ......................... . 
Kidder, L. D ............ 44 20 71 13 
Odell, :I!'. .. .. .. .. . .. . .. .. -1-! 23 71 G ";"03 
Pitman, Charles II ...... 4:3 38 71 27 
Wheeler, .J. T .. .. .. .. .. 43 12 71 2!l .)30 
ChesterTownship,BnrlingtonCo Beans,ThomasJ ........ 39 59 74 54 











































74 METEOROLOGICAL STATIONS AND OBSERVERS. 
List of rnetcorological stations ancl observers, <J'c., for the year 1869-Continued. 
'bi:J 
00 "' ~ ~ ..!:1· >=I Q.l ~"0 ...... aS o<lS >=IQ.l 
~ ~ 
01> Station. Name of observer. ..Q'g ...... "0 s·a ~p 
t:+> rr.J+> ~ 0 
0 Q.l ·a;: 
~ ~~ z ~ ~ 
--- -
NEW .JERSEY-Continued. 
0 I I I 0 ' " Feet. 
Paterson, Passaic Co............ Brooks, William..... . . . 40 55 
Trenton, Mercer Co. . . . . . . . . . . . . Cook, Ephriam U . . . . . . . 40 14 
74 10 60* T. R. 12 
74 4!i 30 GO B. T. R.l ll 
Newfield,GloucesterCo . . ....... Coucb,E.D ------------ 39 30 74 50 180 T. 12 
Readington, Hunterdon Co. __ ... .Fleming, .John ... __ . ___ . . __ . ___ . _ 
MeclmnicsvJlle, Ilunterdon Co . . Fleming, .J vhn, and W. . ___ . _____ _ ::: :::::::::::::: ~: g 
T. Herr. 
New Brunswick, Middlesex Co .. Hasbrouck, I. E .... __ ... 40 30 74 27 80 A. 6 
Vineland, Cumberland Co . . __ ... Ingram, Dr . .J_ .... ___ ... ________ . __ - -- -- ------ --- - -- A. 12 
New Germm1town, Hunterclon Co Noll, A. B ... . ....... _ _ _ 42 40 74 45 ...... B. T. ll. 11 
74 42 T. R 11 Rio Grande, Cape May Co . . . . . . Palmer, Miss .J. R ...... _ 39 16 
Newton, Sussex Co . _ ..... __ ._ .. Rverson, Dr. Thomas. __ 41 2 45 74 40 12 659.5 A. 7 
Greenwich, Cumberland Co .... . "'Siiepparcl, Miss R C ___ . 39 20 75 25 30 A. 12 
Dover, Morris Co ...... __ . . _. _ . . Shriver, Howard_ .... __ . 40 54 74 35 652 A. 2 
Newark, Essex Co ____________ .. ·whitehead, W. A. ______ 40 45 74 10 35 B. T. R. 12 
NlnV YORK. 
Ardenia Philipstown, Putnam Co 
Milo, Yates Co. __ .... -- ... --- .. . 
South Trenton, Oneida Co ..... . 
Palermo, Oswego Co ........... . 
Min a ville; Montgomery Co ..... . 
Fort- Edward, \Vashing;ton Co._ . 
Nyack, Rockland---------------
Li ttlo Genesco, Allegany Co ... . 
Newburg, Orange Co_-- .... . .. . 
N oar DepauYillc, .J efforson Co .. 
Hudson, Columbia, Co . ......... . 
Near Kingston, on the Rulison, 
Ulster Co ............. . ... . .. . 
Nichols, Tioga Co . .......... . .. . 
South Hartford, Washingto11 Co . 
Buffalo, Erifl Co . ............... . 
Newark Valley, Tioga Co ..... . . 
New York, New York Co. ____ .. 
Cooperstown, Otsego Co ... . .... . 
Flatbush, Kings Co . . _____ . . ___ . 
Oswego, Oswego Co . ........... . 
Rochester, Monroe Co ......... . 
Locust Grove, L ewis Co ....... . 
]'armingclalc, Queens Co ....... . 
Central Park, New York . ...... . 
Throg_!l N ock, W estchester Co . . 
Now xork, New York Co . ..... . 
Ludlowville, Tompkins Co ..... . 
New York, New York Co .... .. . 
North Volney, Oswego Co ..... . 
Sloansville, Schoharie Co . __ . ... . 
Germantown, Columbia Co ..... . 
Gouverneur, St. Lawrence Co .. . 
New York, N ew York Co . .... . . 
Brookhaven, Suffolk Co ...... _ .. 
Cazenovia, Madison Co. __ ._ . . .. . 
Oneida, Madison Co ..... ... _ . . .. . 
\Vaterbm·~, Tompkins Co .... . . . 
"White Plams, \Vestchester Co .. 
N. Hammonfl. St. Lawrence Co .. 
llousevillo, Lewis Co ........ _ .. 
KORTH CAROLINA. 
Ardon, Thomas B ... __ .. 40 20 22 73 53 22 180 T.R. 11 
Baker, Gilbert D ....... 42 30 ---·--·----· 868 B.T.R. 7 
Barrows, Captain Storrs 4:1 10 74 56 835 T.R 12 
Bartlett., E. n ... -...... . 43 26 77 26 327 T.R 12 
Bm;sing, .John W ....... 42 54 74 15 T.R 12 
Cooley , Prof . .James S .. . 43 13 73 42 n. ·r. R. 3 
De la Verny, C ....... . 41 4 35 n 59 58 124 A. 5 
Eclwards, Daniel. ....... 42 0 15 78 20 1, 500 n.T.R. 12 
Gardiner, .J. IT . ......... 41 30 53 74 1 !J6 B. T.R. 9 
Haas, H . .. . ............ 44 10 76 3 350 T.R 12 
Hache!lberg, Dr. G. P ... 42 14 I 73 46 P.T.R 7 
Hemlneks, D. B .... .. .. 41 50 H 2 150 T.R. () 
Howell, Robert ......... 42 76 32 T. 12 
Ingalsbe, G. M.......... 43 18 73 21 3 400 T. R. 11 
Ives, William . .......... 42 50 78 56 600 B. T. R. 12 
.Johnson, R ev. Samuel .. ... ..................... . ..... T.R 1~ 
.Joy,Prof.C.A .. ........ 4043 74 5 100 A. 12 
Roese, G. Pomeroy . ..... 42 50 7-! 54 1, 200" T. R. 1 3 
Mack, Eli T ... .. ....... 40 37 17 74 1 33 54 B. T. R. 12 
Malcolm, W. S .......... 43 28 76 30 250 B. T. n. 12 
Mathews, ll. W .. ....... 43 08 77 51 525 A. 12 
Merriam, C. C .. .. . . . . .. 43 32 30 j 75 24 B. T, R. 12 
Merritt, .J. C ............ 40 40 40 73 30 102 N. 12 
Meteorolo_!!;ic!ll ollsorv'y 40 45 58 73 57 58 97 A. 12 
Morris, Miss E ...... _ .. 40 4!J 15 73 48 45 43~ T. 11 
Morris, Prof. 0. \V...... 40 50 25 73 56 30 165 A. 12 
Murphy, C. P .......... 42 33 76 35 GOO T. 9 
Naval Hospital ......... 40 41 30 4'-1 1 56 B. T. R 12 
Partrick, .J. M .. __ ... _ .......... _. _. T. 8 
l'otter, G. \V . ... _. _. _.. 42 41 74 31 T. R 4 
Roe, RoY. S. W......... .. .. .. .. . . . . .. . . . . .. .. .. T. 1 
Uussell, C. ll ...... _ ..... 44 19 75 29 B. T. R. 12 
Rutgers :Female College 40 42 74 1 8 23 A. 2 
Smith, E. A., ami 40 49 72 36 13 T. R 12 
daughters. 
Soulo,~Prof. William . __ . 42 55 
Spooner , Dr. 8 ........ _. 43 4 
•rrowllriclgc, D ..... _ .... 42 30 
Willis, 0. IL ........... 41 5 
\Voostor, C. A .......... 44 30 

















T. I 11 
B. T. R. 12 
T. R 11 
Golllsboro, ·wayne Co ...... _._ .. A clams, Prof. E. W ..... 35 20 4'7 51 102 T. R 12 
Near Statesville, Iredell Co . . . . . Allison, Thomas P. _. _.. 35 30 80 30 . . . . . . T. R 10 
Asbevillo,IlnncomboCo ........ Aston,Edward.J ................... --- - -------- -- - --· T. 12 
}{aleig;h, \Vako Co ....... _ ... __ . Brewer, ]'isk P......... 35 47 78 48 '1'. R. 1 
.Asheville, Buncombe Co........ Harlly, Dr .• r. F. E...... 35 30 80 31 2, 230 B. T. 12 
Oxford, GranYillo Co ...... . .. _.. llicks, William R. . . . . . 36 23 78 14 . . . . . . T. R. Ill 
AttawayHill. StanlyCo ........ [ Krom, F .• J . . ........... 3525 f SO 850* T.R. 12 
Cllapel Hill, Orange Co . . . . . . . . . Patrick, Prof. I>. S .................. 
1
............ .. . .. . T. !) 
Trinity College, Handolph Co. ~ I Pearsall E D 5 :16 45 80 900 T. R. f 5 Jv!t. OliY?, Wayne _Co. S ' ' · .. -- .. ·-- ~ 35 45 7§ . 100 I T. R 1 
Ke:lansnllo, Dnplm Co . . . . . . . . . Sprunt, lleY . .J. M . . . . . . 34 53 I 7J 3 40~. B. T. n. . 10 
* Estimated. 
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List of meteo1'ological stations and obsen:ers, g·c., jo1' the year 1869-Continued. 
Station. Name of observer. 
-------------------------l--------------------1- --------l---------l -----------
N ORTll CAROLINA-Continued. 
C I II 
Guilforcl Mine, Guilford Co . . . . . Wray, .A lexanrler. . . . . . . 36 






37 T. R. 5 
New Lisbon, Columbiana Co .... Benner, J. F ............ ; 40 45 80 4.3 !JG1 B. T. R. 3 
Amesville, Athens Co........... Brawley, E. II .......... ~ 39 82 1--.... R 1 1 
North Fairfield, IIur·on Co. . . . . . . Burras, 0 .............. i 41 8 S2 40 1 GG.l .A.. J L 
NearBowlingGreen,,VoodCo .. Clark<:, John .......... .. ' 4122 S:l 40 I 70''' T.R 12 
Bethel, Clenuont Co ............ Crane, G. W .......... -- I 39 8-! 5.35 T. U. 1 12 






.. B . .AT .. It 11 
Little Mountain, Geauga Co . . . . J!'crriss, E. J ............ i 41 38 SL lG 11 
Westerville, :Franklin Co....... Ilaywood, Prof. J ...... i 40 4 83 I·..... .L 1:! 
College nm, Hamilton Co ....... Hammitt, John w ...... ,1 3!) 19 S-1 14 43 I so) I T.ll. Ill 
Springficlcl , Clark Co ... ........ . llmTon, Rev. ,J. H . . . . . . 39 53 2.3 t:i3 49 15 . . . . . . 'J'. R 1 
Cincinnati, llamilton Co....... . IIarper, G. W .... . . . . . . 39 G 184 2!l 305tt B. T. R 7 
Smithville, Wayne Co .......... Hom·cr, ·william ..... .. . 40 ;52 S1 51 934 T. 1!. 6 
Kelley'R Island. Erie Co......... llnntingclon, George C. ·I 41 3.3 4-! 182 42 32 I 587 A. 12 
Cleveland, Cuyahoga Co ........ Hy~lc, G.nst:wus .A. ...... 
1
41 ~0 SO 40 B. T. R. 12 
Edg-erton , 'Villiams Co .......... Kmght, A. ]3 .......... 41 32 84 4.3 I S31 T.IL I 2 
Hlple.v, Huron Co ..... .......... Marsh, Mrs. M. M ...... 
1 
41 182 30 9G5 A. 6 






....... ...... ,.,f_ n·.. 12 
'Gilmor!', Tuscarawas Co ........ Moore, Sam'l ¥-- ...... -- i 40 !8 jl, 180 -" • 11 
North Bnss l,;land, Ottawa Co ... Morton, Goo. 1 •. , M.D .. 
1 
41 36 S~ 41 53 1 2~+ T. R I 7 
:Margaretta Township , Erie Co_. Keill, Thomas .... ....... 41 27 82 4G .A.. 12 
.Tacksm~bnrg, Butler Co ......... Ow>llcy, Dr. ,J. B ...... -- I 39 30 84 17 1, 15::! T. R. 12 
Cincinnati, llamilton Co . . . .. .. . l>hillips, R. C . . .. .. .. .. .. ........................... B. T. R 12 
Galli\lolis, Gallia Co............. Itodgcrs, A. P . . . . . . . . . . . 39 82 600 T. R. fl 
Martm's .Ferry,BelmontCo ..... Shreve,MissM.B ...... 4010 .ti.'0 __ 4_s _______ i .. ~4. 3._~. ?''I·.Rn.· 4 Kenton, llardm Co.............. Smith, Dr. C. H . . . . . . . . v • 10 
Gambier, Knox Co .............. Stillwell, C. A., aml 40 20 30 ........... 1, OGO- A. 3 
:Milncrsville, Guernsey Co ..... . 
Toledo, Lucas Co .......... .. .. . 
~farion, Marion Co ...... ....... . 
North Bend, Hamilton Co ...... . 
Mt. Au bum, IIamilton Co . .... . 
others. I Thompson, Rev. D ...... 40 10 S1 45 ... .. . T. R. 
Trembley, Dr. J. B .... . 41 38 83 30 ...... B. T. R. 
True, Dr. II. A......... 40 3.3 83 7 1, 077 T. IL 
Warder, H.. ]3 ....... .... 39 8 S-! 35 800 T. It 







Williamsport, Pickaway Co .... . Wilkinson. J. R 39 37 4 83 7 30 . . . . . . T. R. 1 3 
Urhana, Champai~p Co ......... Williams, Prof. M.G .... 40 (l 83 43 1, 015 B. T.ll. · 12 




12,)-l TT .. nl,~.. 11 
PE.\'NSYL VA.\' I A. .. -
~~·ond~l~, Perry Co ............. Baker, William E ....... 40 2G 40 77 22 50 4 
Twga, Iwga Co................. Bentley, E. T........... 42 77 11, 000 T. R 11 
Silver Spring, Lancaster Co ..... Bruckhart, H. G ........ 40 51 76 45 . ... . . T. 4 
Phomixville, Chester Co ........ Coffman. I. z ............ 40 10 'l5 2G I 120 T. R 6 
Carlisle, Cumberland Co . . .. . . .. Cook, \V. II............. . ................ B. T. ll. l 12 
Plymouth Meeting, Montgomery Corson M H 40 6 A 12 
p~~pson, Chester Co ........... Darlin~to~, F: :::::::::: 3!l 54 . ~~- ~~ ..... - ~ -- ~~~- ~ T. ~- 12 
Dyberry, w·ayne Co ..... -...... Day, Theodore.......... 41 36 75 19 . . . . . . T. R. I' 12 
Harrisburg, Dauphin Co ...... .. Egle, Dr. William II .... 4J 16 76 15 1, 400 A. 2 
Near Pennsville, Clearfield Co ... Fenton, Elisha .......... 41 78 40 ...... B. T. n. 12 




-. -- ~ BI.
1
. ~_.'-n. 12 
l<'allsington, Bucks Co . . . . . . . . . . IIance, Ebenezer...... . . 4~ 12 7-! 48 ... , 12 
Harrisburg, Dauphin Co ........ lleiseley, Dr. J ......... . , 40 16 76 15 7 
Mount Joy, Lancaster Co....... Holfer, Dr. J. R. aml U. E. 40 8 76 32 _ .. __ .. _ ._ ._ B;:r'I.'. I 12 
Brownsville, Fayette Co ....... . llubbs, Dr. J. Allen.... 40 SO 2 
I-cwislmrg, Union Co ..... .... .. James, P1·ofessor C. S . . 40 58 7G 58 ... ;,0-- ~ ..i. ~ 1~ Phil_adelphia, P!Jilat~elphia Co ... Kirkpatrick, l'rof. J. A. 39 57 30 75 11 1.3 u A. 12 
\Vh1tehall, I-eh1gh Co ........... Kohler, E .. . ... . ........ 40 44 75 28 450* T. 12 
1-:'ewcastle, Lawrence Co ........ McComwll, E. M ........ 40 80 12 ------ ~ T. 12 
'Vestchcstcr, Chester Co ........ Martin, Dr. George...... 39 57 31.3 73 36 3 460 A. ll 
Germantown, Philatlelphia Co ... :Meehan, Thomas....... . . . . . .. . . .. . . . . . . ... . . . . . . . . . . . T. 12 
'Villimnsport, Lycomin~ Co ..... Moyer, II. C ............ 4L 19 77 30 I 533 I B. T. l 4 
Philadelphia, PhiladelpHia Co... Navalllm;pital......... . 39 56 75 10 36 B. T. R 12 
Johnstown, Cambria Co ......... Peclor, Dlwicl ........................ 1, 200 I A.. 12 
Reading, Berks Co ............. - ~ Jtascr. John Heyl. ...... 40 20 7.3 57 I T R 12 
Abington, Luzerne Co .......... Sisson, Ito<lman ...... ... 41 30 75 45 :::::: '1': 1{: 11 
Canonsburg, 'Vasbington Co .... t:imith, HeY. Dr. William 40 1G 41 80 10 850 B. T. R ' 12 
Mooreland, .Montgomery Co ..... :::;pencc-r, ::Uiss .Anna ..... 40 75 11 2.30 A. I 12 
Ephrata, Lancaster Co.......... Spera, 'Yilliam H....... 40 12 76 15 . . . . . . T. n. 12 
*Estimate. t AboYe Ohio Jtiver. t .A.boYe Lake Eric. 
7() METEOROLOGICAL Sl'ATIOXS AND OBSERVERS. 
List of uwteorolo;;icc.l stations a;ul observers, !f·c., foi' the year 1839.-Continued. 
Station. Name of observer. 
-------------------------l--------------------1- --------l----------l---- ------ ---
PEXNSYLYANIA-Continued. 
Salem, Wayne Co .............. . 
Near ConnellsYille, Fayette Co .. 
Beaver, Beaver Co ... .. . . ...... . 
:Franklin, Venango Co ......... . 
Germantown , Phil:ulelphht Co .. 
:Fountain Dale, .Adams Co ..... . 
RHODE ISLAND. 
Newport, Newport Co .......... . 
SOUTH CAROLINA. 
0 I II 
Stocker, J.D .......... . 41 30 
Taylor, .Tohn .......... . . 
1
40 
Taylor, Rev. R. T...... . 40 43 





7~ 51 980 
Turner, Ernest, C.E .... ~ ------------ ------------ -- ----
Walker, S.C ............ 3~44 7718 





B. T. R. 
P.T.R. 
'l'.R. 






81 34 565 B. T. R. 
Ever~rccn, Anderson Co . . . . . . . . Earle, E. S ... . ......... . 
Cmuaen, Kershaw Co ............ Macrae, Colin .......... . 
.Aiken, Barnwell Co ............. Percival, Dr. vV.F ..... . 
Wilkinsvillc, Uuion Co . . . . . . . . . Petty, Charles ......... . 






240 T. R. 
565 P. T. R. 
6GO* T. R. 
Fort llill, York Co...... . . . . . . . . Springs, R. A., jr ....... . 
TEXNESSEE. 
Loo1wut Mountain Edueational 
Institute, Hamilton Co . 
.Austin, Wilflon Co ............. . 
Greenville, Green Co ........... . 
Memphis, Shelby Co ........... . 
Trenton, Gibsou Co .. __ ........ . 
Elizabethton, Carter Co ........ . 
Knoxville, Kuox Co ............ . 
Cl:trksville, Montgomery Co . . .. . 
TEXAS. 
Bancroft, Rev. C. F. P... 35 81 5 2, 200 
Calhoun, P. B ........................ __ .......... __ .. . 
Do:tk, S. S. & W. S . . . . . . 36 5 82 51 
Golusmith, E...... .. .. 35 8 90 
Grigsby, William T..... 3G 89 
Lewis, Charles H. . . . . . . 36 25 82 15 
Payne, Prof. J. K. . . . . . . . 3G 8-J. 














Houston,llarrisCo ............. Baxter,MissE .......... 29 50 95 30 50 T. 
G:tlvestou, Galveston Co . . . . . . . . Beazley, Dr. A. ll . . . . . . . 29 18 ~6 u 30 A. 
Cedar Grove Plantation, Brazo· Bostwick, J. B.......... 29 10 95 5u 60 B. T. R. 
ria Co. 
Pttlestino, Anderson Co . . . . . . . . Brooks, N. S . . . . . . . . . . . . 31 40 95 35 480 T. R. 
.Near Dallas, Dallas Co.... .. . .. . Coi t, J olm T.... .. .. .. 32 5:3 96 45 R. 
llellona, .FallsCo ............... Combs,Burke ....................... ----------- - ...... R 
NearGilmer,UpshurCo ........ Glascr,J.M ............ 3246 ~.!51 950 T.R. 
Lavaca, Calhoun Co ............. . Heaton, L. D...... .. .. .. 28 30t 96 40 t 17 T. R. 
\Vaco,McLennanCo ............ Merrill,Dr.E ...... _____ 3135 96 50 T.R. 
Austin, Travis Co ............... Van Nostrand, J ... __ ... 30 29 97 46 650 P. T. R. 
Mine Creek, Burleson Co ........ Wade, :F. S. __ . __ ........ 30 25 97 26 GOO T. R. 
Yorktown,De\VittCo .......... White,Dr . .A.C ......... 29 9737 ...... T.R. 
Lockhart, Caldwell Co ...... __ .. Woodruft', L . ____ ..... __ ... __ .. ____ .. __ .. __ ........ __ __ T. R. 
UTAll. 
Coah·ille, SLlmmit Co............ Bullock, Thomas .............. ____ .................. .. 
\Vttnflhip, t:iummit Co ...... __ .... Bullock, Thomas ...... _. , 40 42 .111 
Harrisum·g-, Washington Co .... -~ Lewis, James.----- ....... ---- .... -. ------ --·- -- ---··-
t:it.Georgc, Washingto-!1 Co ...... Pearce, H ............... 3711 l14 







Panton,Addison Co ............. Barto,D.C.&M.E ...... 44 74 
Brandon, l~ntland Co. __ .... _____ Buckland, H ............ 43 45 73 4CO 
Newport,Ol'leansCo ............ Curricr,J.M...... 44 55 72 20 750 
Luuenburg, Essex Co .... _...... Cutting, ll . .A._._._._ 44 28 71 41 1,124 
vVoollstock, Windsor Co ........ Doten. li., & L . .A. Miller 4:3 36 72 33 698 
Barnet,CaledoniaCo . ......... .. Eaton,Dr.B.I<' .......... 4418 7Z 5 !l52 
Hartford, WintlsorCo .. ......... Eatou,Dr.n.F .... ...... 43 44 72 20 331 










Craftsbury, Orleans Co ...... __ .. \Vild, Rev. E. P ....... __ 44 40 72 30 1, 100 T.R. 
r 
Midtllclmry, .Addison Co . . . . . . . . Sheldon, II. A ____ .. _ .... . 
1
43 59 73 10 398 
8~~~\~\~~: ~hflt:U~~~-c~:::: :~~: ~l~~~~is~MJ;· ~: :::: ::::::~::::: :::::::::::: ____ __ B;.r:a~·l 
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List of meteorological stations and obscrrers, Src., for the year 186~-Continncd. 
$ rn 
"£n § ~~ 
~tation. Name of obsor-ver. 
8Q ~ s §~ 
~] f£ b ~-B 
~ ~ I ~ ~~ 
----------!--------!-----!-----:-----r--
~~ I Feet. I 
Mulberry llill. Isle of Wight Co. Binford, R. ............. 36 50 7G 50 1.0 T. R. 
1 
12 
W.vtheville,\VytheCo ......... . Brown,Rev .• J.A .. .. . .. 3G5;) 8L 4 2,400 ll,T.U. 12 
Mount Rolon. Al.gnsta Co.-.-.-. Clarke,Dr.J.T.,& Miss n. t 38 17 79 3 ~- ~--~_6-_ -~--~ Tt. •l:t. l i::-~ 
!::ltanuton,L\.ugnstaCo ........... Covell,J.C ....... ------ ~ 38 8 78 46 "' . 
Cottal!e llomc, Surrey Co....... Jones, Benjamin W..... 37 10 76 46 
MrehanicsvillP,l!'anquierCo .... Martin, WilliamA . ..... as 50 78 ...... T.l!. ::! 
Near Lynchbnri!, JJctlford Co . ... Meriwether, Charles I. .. 37 18 79 19 800k T. 1:} 
Proflpect Hill, Northampton Co. Moore, C. R ..... ........ 37 22 7.i 46 40* B. '1'. u.l 12 
l;urfolk,NorfolkCo ....... ..... . Navalllospital.. ........ 36 2;) 76 23 25 ll.T.lt 12 
Kear Loxingtou , l~ockbrillg_e Co. l!ut.ruer, \V.li. .. -- . . __ . 37 4fl 7!) 22 1, 000 T. R 1L 
llampton, Elizabeth City vo. _ .. Sherman, J. M. _-- ... --. 37 5 7G 20 5 T.lt. 12 
Wytbovillc, \Vythe Co .... ___ . __ Shriver, IIowar1l. ....... 36 51 81 3 A. 5 
~shland, llanovcr Co .... ___ . __ . Smith, Prof. n. M ....... 37 33 23 77 29 59 22L B. T. It. 1 
~nowvill<>, Pntaski Co .. ___ .... _. Stalnaker, J. \V...... ... 37 80 1, 800* '11• It 12 
Powhatanllill,KingGeorgeCo. Tayloe,Ec:lw.T . ........ ··----·····- ------------ GO T.R 12 
~ear P~edmont, J!a~tqu~er Co .... \Villiams, Franklin .. ... 38 50 78 !JOO* ':C. R 2 
:Ne::trVwnna,}mrfnxCo . .. .. ... \Villiam,;,ll.C.,&~Iiss 38 53 7712 400 T.R 
L. R Thrift. 
WASIIINGTON TERTIITOP.Y. 
'l'atoosb IslanclLight-house,Clal- Sampson, Alexantler M .. ... __ • _ .. _. _ .. __ ... _____ . __ . _. 
lam Co. 
Walla-Walla, Walla-Walla Co ... Simmons, A.H.---------,46 5 
WEST VJRGINIA. I 
Huttonsville, P..audolph Co ... ___ llill, Ja<'ob I . ___ .- .. __ . 38 45 
118 52 930 
79 45 1, 000 
l~oumey, Hampshire Co .. __ .. __ . McDowell, W. IL __ . . _ ... _ ..... ____ .... __ ... _. __ .. ___ _ 
Ashlautl,CabellCo .. ............ Roffe,C.L ...... --·----- ~ 38 30 821G GOO 
Y{lliteDay, MongaliaCo ........ Sharp, Dr. W.lL ... ·--- ----- : ·····- --------·--- ..... . 
Embarrass, WaupaccaCo ....... Bree~l,E.E . ·----------- 4~ 51 88 37 30 
WISCONSIN. I 
Ho<.:ky Hun, Columbia Co. ______ Curtiss, W. W .. _. _ .. __ . 43 2G 80 19 
~Iadison, Dane Co . _. __ .. __ ..... Daniells, Prof.\\. \\'.... 43 5 8!! 24 L, OG8 
Hollaml,SheboygauCo .......... DeLycer,John _________ 
1
; 43 36 87 54 G70 
NewLishon JuneauCo ......... Dnngan. J.L ___________ 4343 90 
.Appleton, Ontag-amie Co ...... _. Foyc, Prof. J. C .. _ ...... 4·1 10 83 3;) 
Milwaukee, Milwaukee Co ...... Lapham. Dr. I. A. ----- 43 :i 87 5li 10 
J\Iauitowoc, Manitowoc Co .. ____ Li'tpps, Jacob ... -.- .. - - ~ 4 -1 7 I 87 4;) 





Ell:;l'rton, Rock Co .... _ .. _ ... _. Shintz, II. J . __ . _ .. _ _ _ _ 42 30 8!J 1, 700 
Plymouth,SheboyganCo ........ l Moeller. G ______________ 4:.144 J83 7 
llayiield, Bayfield Co.-- . _- ... _-. Tate, .Andrew .. -.- .... - -J--.- ..... ---~- .. -- .. -.... -----
ll::u-ahoo,SaukCo .......... ____ \Vaite,M.C ............ 4327 1 8945 1 920 
moo:ufield, Kenosha Co .. _------ .
1 
\Yhiting, IV. JI.--.--- -l-- ---- ----- ------------ ------
<· Estim:lted. 
DEATHS OF OBSERVEUS. 
Dr. J. Heis<'ly, IIarrisburg, Pennsylvania, September 18,1869. 
l~oY. Dauiellinnt, Pomfret, Connecticut, July 2, 1869. 









































78 METEORLOGICAL REGISTERS. 
Colleges an<-1 other instit~ttions front tDhich meteorological regi8ters were re-
ceived d1tring the year 1869, incltuled in the preceding list. 
State. 
Nova Scotia. ............. . 
Alabama. .......•......... 
Arkansas ................ . 
California .............. . 
Connecticut ............ . 
Georgia ................. . 
IllinoiR ......... - - -...... . 
Indiana ........ - ...... --. 
Iov•a· ..............•...... 
Kansas . . . . . . . .......... . 
Kentucky ............... . 
Maryland ................ . 
.Massn-chusetts ........... . 
Michigan ............... . 
Missouri ................ . 
New Hampshire ......... . 
New Jersey ............. . 
)few York ............... . 
North Carolina .......... . 
Ohio .................... . 
Pennsylvania . ~ ........ · .. 
Tennessee ............... . 
Texas .................. . 
V ormont ........... ~ .... . 
Virginia ........•........ 
Wisconsin ............... . 
Institutions. 
Acadia College ..................... . 
Greene Springs School. . ............ . 
Normal School. ..................... . 
Pacific Methodist College ............ . 
Collegiate Institute ................. . 
Wesleyan University ............... . 
Mercer University ................... . 
Lombard University ................ . 
Northwestern University ......•...... 
City Hospital. ...................... . 
Indiana State University ............ . 
Cornell College ..................... . 
Griswold College ................... . 
Iowa State University ............... . 
Agricultural College ................ . 
State University .................... . 
Sayre Institute ..................... . 
Mount St. Mary's College ............ . 
Amherst College .................... . 
State Lunatic Hospital. ............. . 
Williams College ................... . 
State Agricultural College .......... . 
St. Louis University ................ . 
St. Paul's SchooL ................... . 
Rutger's College .......... .......... . 
Columbia College ................... . 
Erasmus Hall Academy ............. . 
Institute for Deaf and Dumb ........ . 
Fort Edward Collegiate Institute .... . 
Oneida Conference Seminary ........ . 
Observatory, Central Park .......... . 
Rockland Female Institute .......... . 
Rutgers Female College ............. . 
Trinity College ..................... . 
Goldsboro J<.,emale College ........... . 
University of North Carolina, ........ . 
Webster Institute ................... . 
Kenyon Co1lege ..................... . 
Mount Auburn Young Ladies' Institute. 
Otterbein University ................ . 
Urbana University ............... _ .. . 
Wood wa,rd High School. ............ . 
Beaver Seminary ................... . 
Jefferson College ................•.... 
Lehigh University .................. . 
Lewisburg University ............... . 
East Tennessee University .......... . 
Lookout Mountain Educational Inst .. . 
Stewart College ..................... . 
Tusculum College ................... . 
Institution for Deaf and Dumb ...... . 
Normal -SchooL ..................... . 
·woodstock Academy Natural Sciences. 
Institute for Deaf, Dumb, and Blind. 
Randolph Macon College ............ . 
Lawrence University ............... . 
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J.IETEOROLOGIC.AL l\IA'I.'ERI.AL CONTRIJ3U'I.'ED IN .ADDl'fiON TO THE 
REGULA!~ OBSERV .ATIONS DURING THE YEAR 1S69. 
Academie Imperiale des Sciences de St. Petersbourg.-Memoires. VII 
Series, tome xii, No. 4. Untersuchungen tiber Constitution dcr At-
mosphare und die Strahlenbrechung in derselben. (2te Abhandlung.) 
Vou Dr. H. Gylden, 1SGS. 40 57 pp. 
Acad6mie Royale de Belgique.-Observations des phenomenes periodi-
qnes pendant les annees 1S65 et 1S66. (Extrait du tome xxxvii des 
lYiernoires.) 40 7 4 pp. et GO pp. 
Ackermann, Projessoi'.-Newspapers containing articles on tempera-
ture and rainfall of Port au Prince, Hayti. 
A1tstralia.nHortiC1tlt1tralandAgricultural Society.-IIorticultnralMaga-
zilte and Gardeners' and Amateurs' Chronicle. Containing meteorologi-
cal obsernttions at Yarella, Concord, New South vVales, by A. Stephen. 
Baird, Professor S. F.-Newspapers giving accounts of the great 
storms in New England in September and October, 1SG9. 
Bartlett, E. B.-Review of the weather at Palermo, New York, during 
the year 1S6S. (Newspaper slip.) 
--Record of periodical phenomena, arrival of birds, &c., at Palermo, 
New York, for nineteen years, from 1S51 to 1869, inclusive. 
Bath anrl North of England Agric1tltural Jmtrnctl.-On the temperature 
of the sea and its influence on the climate and agriculture of the British 
Isles. By Nicllolas vVhitley, F . .M. S. (Reprinted by permission.) so. 
36 pp. Lonuou, 18G9. 
Boardman, G. A.-'fhermou:etrical observations made on the St. tTohn 
1-{,iver, Florida, between Jacksonville and Enterprise, during the mouths 
of January, February, March, and April, 1SG9. 
Bruhns, Dr. C.-Hesultate aus den mrteorologischen Beobachtnngen 
angestellt an den fiinfundzwanzig Koniglichen S~iJ~bsischen Statiouen 
irn Jahre 1S67. 40, 71 pp. Leipzig, 1SG9. 
C. K. Towarzystwa Nankow, Krulcow.-Materyaly do klimatografii 
galicyi, zebrani przez sekcyi meteorologiczna komisyi przyografiezn~j C. 
K. Towarzystwa Nankow. Rok, 1S67. so. 209 pp. Rok, 1S68. S0. 2.33 
pp. 
Campbell, Prof.-Barometrical reports for the months of l\Iarch, April 
and May, 1SG9, at ""\Vashington College, Virginia. 
Clingman, T. L.-Notes on the climate of "\Vestern North Carolina. 
(Printed slip.) 
Coc, Charles C.-1\'Ieteorological register kept at Ilood's River, Oregon, 
during the years 1So5-'GG-'G7 aud 1868. 
Collins, Colonel.-Ilourly observations of the thermometer from 4- p.m., 
January 4, 1SG4, to 4 p. m. Jauuary 7, 1SG4, at Fort Laramie, Dakota 
Territory. 
Corbett, Hon. H. W.-vVeatber record for cleYen years, at Portland, 
Oregon, from 1838 to 1SG8, inclusive; kept by 1\fr. Thomas Frazer. 
(Newspaper slip.) 
Crosier, Dr. E. S.-l\Ietcorological registers for November and Decem-
ber, 1S65, at ~ew Albauy, Indiana. 
Dctll, W. H.-Translation of meteorological register kept at St. 
Michaels, Ikagmut, and Nulato, Russian America, during tlle years 1S42 
and 1S43. 
Daubr6c, 111. A.-Experiences synthetiques relatives aux me.teorites. 
Paris, 1SG8. so. 68 pp. 
Davenport Female College.- ·Meteorological report from the Daven-
80 METEOROLOGICAL MATERIAL. 
port Female College, Lenoir, North Carolina, for the months of May, 
June, ,July, Angust and September, 1S69. 
Dove, H. lf.-Ueber den Sturm vom 17 November 1S66, von H. W. 
Dove, ans dem Abbandlungen der Koniglichen Akademie der vVissen-
schaften zu Berlin, 1S67, (mit 2 Tafeln.) Berlin~ 1S6S. 4°. 4!J pp. 
Eld'ridge, W. V.-Abstract of meteorologica~ observations at Gol-
conda, Pope County, Illinois, during the y(~ ar 1S69. 
Ellis, Jacob 111.-Review of the weat,her at Philadelphia for each 
month of the year 1S6!J. (Newspaper slips.) 
French, J. B., agent lVinnipisseogee Cotton and Woolen Manufact~r,'ring 
Oompcmy.-1~egister of rainfall at Laconia and Lake Village, New Hamp-
shire, during the year 1S6D. 
Galle, Professor Dr. J. G.-Ueber die Bahn des am 30 January 1S6S, 
beobachteten und bei Pultulsk im Konigreiche Polen als Steinregen 
niedergefallenen Meteors clurch die Atmosphare von Professor Dr. J. G. 
Galle, Director der Sternwarte zu Breslau, so. 43 pp. . 
(}oldericke, 0. J.-Pamphlets and newspaper slips relating to the 
climate, &c., of Colorado Territory. 
Goulier, 0 . . ~f.-Etudes geometriques sur les etoiles filantes. Metz, 
186S. so. pp. 154. (Extrait des l\iemoires de 1' Academie Imperiale de 
Metz, annee 1S66 et 1S67. 
Grayson, A. J.-1\ieteorological observations, and remarks upon the 
climate of Mazatlan, Mexico. 
Haidinger, W. Ritter von.-Elektrische Meteore am 20t,en Oetober, 186S, 
in vVien heobachtet. Bericht YOU vV. Ritter von Haidinger. wirk-
lichem Mitglie<le der Kaiserlicheu Akademie der \-Vissenschaften. 
(Mit 1 Tafel.) so. 12 pp. 
Der 1\ieteorsteinfall am 22 Mai 1S6S, bei Sclavetic. Z\veiter Beridtt 
von vV. Ritter von Haidinge.<·, l\fitgliede der K Akademie der 'Vissen-
schaften, (mit 1 Tafel und 5 Holzsehnitten) fW. 12 pp. 
De.r l\ieteorsteiufall von Sclavetic in Croatien, am· 22 Mai 1S6S. 
Vor1~iufiger Bericht von W. Ritter von Ha.idinger, wirklichem Mitgliede 
der K Akadmie der vVissenschaften. 8°. 7 pp. 
H unUngdon, G. 0.-Climatalogy of Kelly's Island, Ohio. (Newspaper 
slip.) 
--Report of proceedings of Lake Shore Grape Growers Association, 
containing address b~T George C. Huntingdon on '' Gr~.pe rot and the 
weather." (Newspaper slip.) 
Ingram, Dr. J.-Record of periodical phenomena at Vineland, New 
Jersey, during the year 1S6S. 
James, J. lV.-Snmmary of meteorological observations during the 
year 1S69 at Riley, McHenry County, Illinois. Also summary from 
1S61 to 1S6S inclusive, and for each month of 1S69. 
Jones, Benjcmtin lV.-Synopsis of meteorological observations made 
during the winter of 1S6S and 1869 at Cottage Home, Surry County, 
Virginia. 
KaiSe'rliche A_cademie der TVissenchajten, Wien.-Die Tem:peratur-Ver-
h~iltnisse der Jahre 1S±S-'63, an den Stationen des osterreichischen Be-
obachtungsnetzes, durch fiinftiigige Mittel dargestellt, von Dr. C. J·eli-
nek. 4o, 146 pp., 2 Tafeln. vVien, 1S69. 
- Erster Bericht dAr sUindigen Commission fur die. Adria. S0 • 122 pp. 
'Vien, 1869. 
J[ongligct Svenska Vetenskaps Academien, Stoclclwlm..-, .. .-~'[eteorologiska 
Iakttagelser i · s,~erige. 1S64, Sjette Bandet. Obi. 4o, 192 pp. 1S65, 
Sjnnde Bandet. Obi. 4°. 186 pp. 1S66, Attonde Bandet, Obl. 4to. 
182 pp. 
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Kaiserlich-Koniglische Central Anstalt filr JJleteorologie und Erdmagnet-
ism.-Jahrbi.icher von Dr. C. Jelinek. Neue Folge, iv Band. Jahr-
gang, 1867. 4G. 227 pp. Wien, 1869. 
J[aiserlich-Kunigliche Sternwarte, Vienna.-Anleitung zur Anstellung 
meteorologiscber Beobachtungen und Sammlung von Hilfstafeln, mit 
besonderer Riicksicht auf die meteorologischen Statiouen in Oester-
reich und Uugarn. V()n Dr. Carl Jelinek. S0. 173 pp. 
- N ormale flinftagige Warmemittel ftir SS Stationen, bezogen auf 
den 20-jiihrigen Zeitraum 1S4S-'67. Von Dr. Carl Jelinek. S0. 43 pp. 
- Beobachtungen an der K. I~. Centralaustalt fur :Ptfeteorologie und 
Erdmagnetismus. so. 64 pp. 
Lapham, Dr. 1. A.-Atmospheric tide at Milwaukee, deduced from 
hourly observations at the time of new moon in October, November, 
and December 1868, and Jan nary and February 1S69. 
- Da,tes of opening and closing of the Milwaukee River from 1836 to 
1869, inclusive. 
L1.tll, James S.-1\ieteorological registers for 1860 to 1869, (portion ot 
previous record interrupted by the war;) also, a table of rainfall from the 
1st of May, 185:3, until January 1, 1870. 
Loehr, Oha'rles H., United Statis cons'ttl, La Guayra, .Ecuador.-Statit:i· 
tics from the Unitecl States consulate at I..~a Guayra, South America, in-
cluding particulars in reference to earthquakes, meteorology, &c. 
JJ1apes, H. H.-Manuscript reports of the weather at various point~ 
in Kalamazoo and Allegan counties, Michigan, during each month of 
the year 1859. 
]{cAulay, John P.-Thermometrical record kept at the Louisiana 
State Seminary, Alexandrifl,, Louisiana, during the months of October, 
November, and December "1868, and January, February and :March 18G9. 
ltfcOall, .0.-l\iont.hly reports on the weather at Cathlamet., Waukia-
kum County, Washington Territory. 
llferriam, 0. G.-Manuscript meteorological report for January and 
February 18GD, at Leyden, Lewis Connty, New York. 
]fen·iam, G. L., Leyden, New Yorlc.-N ewspaper slips containing re-
marks ou the weather. l\ionthly. 
Meteorologicctl Observatory, Brisbane, Queensland, A 'l.tstraUa.~Published 
meteorological report for April 186!), 
Meteorologica~ Office, London.-Charts of the surface temperature of 
the South Atlantic Ocean in each month of the year. Folio. 27 pp., 12 
charts. London, 18GD. 
- Report on the meteorology of theN orth Atla11tic, between the paral-
lels ()f 400 and 50°, as illustrated by eight diagrams of obser\ations taken 
on board of the mail steamers running to and from America, with re. 
marks on the difference of the winds, &c. By Captain H. Toynbee, 
F. H. A. S. so. 8 charts. London, 186!). 
- Report of the meteorological committee of the Royal Society for the 
year ending December 31, 1866. so. 72 pp. London, 186U . 
. Meteorological Society, London.-Proceedings issued monthly. 8vo. 
-l\Ieteorolog·y of England for the quarter ending September, 30, 1868. 
By James Glaisher, president Meteorological Society . 
.. lfontrose Natztral History and Antiquar'ian Society, JJ[ontrose, Scot-
land.-Report of the directors for 1868, containing a meteorological 
register for the year. 
Moss, G. B.-Summary of meteorological observations at Belvidere, 
lllinois, during the year 18GD. 
1l1iihry, Dr. Adoif:-Untersuchnngen iiber die Theorie und das allge-
meine geographische System der Winde. 8°. 254 pp. Gott~ngen, 1869. 
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Na.turaJiste Canadien.-Containing meteorological observations at Port 
Ne.uf and Montreal. 
Naturforschende Gesellschaft, Bctsel.-Yerhandlungen der Naturfor-
schenden Gesellschaft in Basel, 1S69. Containing: Bericht i:iber einige 
BlitzschUige. Von Ed. Hagenbach. 
Naturforscher Verein zn Riga.-Correspondenzblatt, 16ter Jahrgang, 
1S69. Containing meteorological observations at Higa, from September 
1S67 to July 1S6S, (new style,) inclusive. 
Naturwissenschaftliche Gesellschaft, St. f.tallen.-Bericht ii.ber die 
Thatigkeit der St. Galleschen N aturwissenschaftllichen Gesellschaft 
wahrend des Vereinsjahres, 1S67 -'6S; Containing : Einige Erfahrun-
gen -tiber klimatische Kuren und Kurorte. Von Dr. W. Steinlin. 
Nelson, S. Augustus, Georgetown, jlfassachusetts.-N ewspaper accounts 
of the great storms of September and October, in New England. 
Obser1Jatoire Imperial de Paris.-Atlas des mouvements ge.neraux de 
l'atmospehre. Annee 1S65; Janvier, ~-,evrier, Mars. Obl. folio. 90 
charts. Atlas meteorologique, 1S67. 
Observatoire Royal de B'·uxelles.-Annales meteorologiques. Brux- . 
elles, 1S6S. 40, 104 pp. 
Osservatorio del Real Collegio Carlo Alberto in .1~foncalieri.-Bul1etino 
meteorologico del Osservatorio del Real Uolligea Carlo Alberto in Mon-
calieri, con corrispondenza del Osservatorio del Seminario di Alesssan-
dria. Vols. i, ii, iii, (1S65-'G6-'67 -'GS,) 4o, Vol. i, 120 pp. ; Vol. ii, 112 
pp. ; Vol. iii, 104 pp. 
Paine, R. T.-Meteorological report for October, at Boston, Massachu-
setts, Newark, New Jersey, and St. Paul, }1innesota. (Newspaper slip.) 
Parker, ~T. D., Steuben, ~faine.-N ewspaper accounts of the great 
storms of September and October, 1S69. in Maine. 
Printed abstract of meteorological register for 1S60, at Portland, 
Maine, by Henry Willis. Also newspaper slips for several months of 
1S59 and 1S61. 
Pearce, T.-Weather record for September, 1S69, at Ela, Polk County, 
Georgia. 
Petterson, F., hospital steward, United States A,·my.-Table of mean 
temperature, humidity, and rainfall, at San Antonio, Texas, during the 
years 1S6S and 1S69. 
Plantammtr, E.·-Resume meteorologique de l'annee 1S66, pour 
Geneve et le· Grand St. Bernard; parE Plantamour. Tire des Archives 
de8 Sciences de la Biblitiotheque Universelle, Geneve, September 1S69, 
so. 232 pp. 
-Resume mCteorologiqtte de l'annee 1S67, pour GeneYe et le Grand 
St. Bernard. Octobre 1S6S. ~o. 132 pp. 
Real Osservatorio di .lJfodena.-Sui coefficienti ozonometrici, dell' 
umidita e della temperatura, nota del Prof. D. Ragona. S0 • 10 pp. 
- Sulle oscillazioni regolari ed irregolari della temperatura, dal Prof. 
D. Ragona. so. 1,2 pp. 
- Riduzione della pressione atmosferica al medio-livello del mare, per 
gli stazioni meteorologiche italiane, del Prof. D. Ragona. S0 • S pp. 
- Sulle variazioni diurne della t~mperatura e sul coeffi.ciente di Kaemtz 
in Palermo. Lettera al chiar. Signor A. Quetelet, direttore del Real 
Osservatorio di Brussselles, del Prof. D. Ragona, direttore del Heal Os-
servatorio di Palermo. Palermo, 1S59. S0 • 54 pp. 
~ Osservazioni su la eYaporazione, del Prof. D. Hagona. 4°. S pp. 
- Riassunta delle osservazioni meteorologiche, escguite nel Heal Os-
servatorio di :1\'Iodena nell anno 1S66, dal Prof. D. Ragona, direttore dell 
osservator~o. Stessa. 4o. 7 pp. 
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-Sulcal colo dei valori medii in meteorologia, nota del Prof. D. Ragona, 
direttore dell Real Osservatorio di l\1:odena. 4°. 2 pp. 
- Descrizione del barometro registratore del Real Osservatorio di l\fo-
dena, del Prof. D. Ragona. 40, S pp. 
- Sulle variazione periodicie del barometro nel clima di :Milano, me-
moria diG. V. Schiaparelli e G. Celoria. 4°. 31 pp. TaY. iii. 
Real Osser11atorio di Palernw.-Giornale Astronomico c J\Ieteorolo-
gico, pubbl. dal Prof. D. Ragona. Vol. i, Palermo, 1S55. 4° . 375 pp., 
Vol. ii, Palermo, 1S57. 4°. 3U1 pp., (three volumes in one.) Vol. iii, 
Palermo, 1S59. 4°. 375 pp. . 
Regio Osservatorio dell Unlversita di Torino.-Bolletino meteorologico 
ed astronomico. Anno ii, 1S68. Oblong 4°. 76 pp. 
Roche, Edoua·rd.-Hecherches sur les affuscations du soliel et les me-
teioroscos rniques. Paris, 1868. 40; 80 pp. 
Royal Observatory, Greenwich.-Results of magnetical and meteorolog-
ical observations, 1S66. 40. 303 pp. 
Sanford, ProfessorS. P.-Meterological registers for 1866-'67-'6S, at 
Penfield, Georgia. . 
Sartorius, Dr. C.-Survey of meteorological observations at Mirador, 
Mexico, during the year 1S6S. . · 
SaU:JJCr, R., United States consul.-Newspaper slips containing meteo-
rological observations at Paramaribo, Dutch Guiana, for the firRt half 
of the year 1869, (.January to June, inclusive.) 
Schweizerische N at~wforschende Gesellschajt, Bm·n.-Sch weizerische 
meteorologische Beobachtungen. 5ter Jahrgang, 1S68. 4°. 22 pp, pl. 2. 
(Also September, November, December, 1868. 4°. pp. 470-622.) 
Scott-ish ~Meteorological Society.-Journal for the half year ending June 
30, 1S6S. Large S0 • 47 pp. Journal for the half year ending January, 
1S6U, with tables for the quarter ending September, 1S6S. so. pp. 31. 
Shepherd, Smiley.-Monthly means, &c., of temperature at Hennepin, 
Illinois, for 1S69. 
Sisson, R.-Mean temperature of twenty month~, commencing April, 
1S68, at Factoryville, Pennsylvania, with comparisons of the month of 
November with former years. 
Smith, G., hospital steward, United States Army.-Meteorological reg-
isters for the months of July and August, 1S69, at Camp Date Creek, 
Arizona rrerritory. 
Snow, Edwin ]}f., M·. D.-Fifteenth registration report, State of Rhode 
Island, 1S67, (containing meteorological tables, and remarks by E. T. 
Caswell.) 
Societe d.'Agriculture, Sciences, Arts et Belles-Lettres du Departmnent 
d'lndre-et-.Loire.-Annales. Containing: Observations meteorologiques 
faites a Tours, par M. de Tastes. 
Societe d' A.griculture, Sciences et Arts de la Sarthe.-Bulletiu. 112mo 
serie, tome xi, 1S67-'6S. Containing: Observations · meteorologiques 
faites a Mans, par M. Bonhomet. 
Societe d'Horticulture de l'Allier, JJloulins, France.-Annales. Contain-
ing meteorological obset·vations by M. Doumet, at Baleine, Allier, for 
a series of years, (1S55-'66.) 
Societe ]feteorologique de France.-Annuaire de la Societe l\1eteoro1o-
giqnede .France. Tome5me, 1S69, tableaux meteorologiques, fcuilles 7-11, 
S0. 30 pp. Tome 61110, 1S63, feuilles 1-5. Bulletin des sceances. so. 
40 pp. Tableaux meteorologiques. S0. 40 pp. NouYelles meteoro-
logiques. Pamphlet. Large so. 30 pp. 
Stanley, J. H. B.-Monthly reports of the weather (mss.) at Houston, 
Texas. 
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Stewart, W. M.-Diagram of the annual quantity of rain fallen at 
Glenwood, Tennessee, from observations made during the years from 
1851 to 1868, inclusive. (The same that is referred to on page 523 of 
Professor Safford's report on the geology of Tennessee.) 
Thomas, Rev. C.-Copy of monthly aggregates from the rain register 
kept at Fort Garland, Colorado Territory, from April 1853 to Septem-
ber, 1869, inclusive. 
!T~t.twiler, H.-Account of a meteorite observed near Frankfort, Ala-
bama. (Newspaper slip.) 
United States consu.late, Valencia, Spain.-N ewspaper slips with me-
teorological records made at the Meteorological Observatory of the Uni-
versity of Valencia. 
Vaclwr, Dr.-Carte representant la mortalite et l'etat meteorologique 
de Paris en 1865. w 
Verein der Freunde der Naturgeschichtein Mecklenburg, Giistrow.-Arch-
ive, 22te J abre, 1869. Containing U ebersecbt der a us den meteorolo-
gischen Beobaehtungen zu Hinriehhagen im J abre 1867 gefundenen Mit-· 
tel, (20 Jahre.) _ 
Vinal, W. I.-Weather record at Vinal Haven, Maine, <luring a por-
tion of October, 1869. . 
Warren, W. J.-l{ecord of the weather at Chilukweyuk Depot, North-
west Boundary Commission, from December 29, 1558, to April 24, 1859. 
Whitaker, B.-Newspaper slips containing accounts of the weather at 
Warsaw, Illinois. 
White, Captain A. T., United States revenue marine.-Meteorological 
register kept on board of the United States revenue steamer Wayanda, 
cruising on the coast of Alaska from May 13 tOl .October 14, 1868. 
·w·illiams, Rev. R. G.-Hourly thermometrical aiHl barometrical obser-
vations at Waterbury, Connecticut, and Castleton, Vermont, (in addi-
tion to regular observations on Smithsonian blanks.) 
Zeledon, Jose.-Observaciones meteorologicas hechas en la cindad de 
San Jose uurante el primer semestre de 1868. Oficina Central de Esta-
distica, San Jose. · 
Observaciones meteorologicas hechas en la cindad de Heredia (Costa 
Rica, .Seiior Rohrmoser) durante el afio de 1868. 
REPORT OF THE EXECUTIVE COMMITTEE. 
W .A.SHINGTON, D. C., February 1, 1870. 
The Executive Committee of the Smithsonian Institution respectfully 
submits the following statement of the financial condition of Smithson's 
trust funct, and the application of the income for the year ending 31st 
December, 1869, with estimates of receipts and proposed appropriations 
for 1870: 
. The bequest of Smithson in the United States treasury is .. $541,379 63 
The Regents have added to this investment from savings, 
&c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108, 620 37 
Making the Smithson fund in the U.S. Treasury, as a per-
petual loan, at 6 per cent., on the 1st January, 1870... . 650, 000 00 
And in Virginia State 6 per cent. registered stock. $.53, 500 
With unpaid interest to January, 1867.......... 19, 260 
$72,760 
The value of which, at the present time, may be estimated 
at 58 per cent....................................... 42, 200 80 
Total invested capital ............................ . 
And a cash balauce in bank of ........ ~ ............... . 
Thus making Smithson's Trust Fund, on the 1st January, 
692,200 80 
20,969 65 
1870 . - .... - - - .... - .... - ................. - ..... - - . . . 713, 170 45 
RECEIPTS IN 1869. 
Interest from the Treasurer of the United States, on 
$650,000, at 6 per cent., for the year ending 31st Decem-
ber, 1869 . . . . . . . . . . ................................ . 
Premium on sale of gold, at 34i and 19:i per cent. premium. 
Sales of publications ................................. . 
Sales of old and useless material ...................... . 
Repayment of expenses of explorations and collections .. . 
Repayment for freights on literary and scientific exchanges. 
Total income for the year 1869 . . . . . . . . . . . . . ..... . 









Amount available in 1869.. .. .. . .. . . . .. .. .. .. .. . . . . $61, 585 30 
In addition to this sum, the Institution received from and accounted 
for to the Department of the Interior the sum of $4,000, appropriated 
by Congress for the preservation and care of the property in the mu-
seum, collected by Government exploring expeditions. 
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Statement in detail of expenditures during the year 1869. 
BUILDING. 
For reconstruction of parts of building destroyed 
by fire . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $1, 764 70 
For general repairs of the building . . . . . . . . . . . 2, 345 25 
For furniture and fixtures, cases, carpets, stoves, 
&c ............................. _ . . . . . . . . . 2, 520 95 
GENERAL EXPENSES. 
For meetings of the Board of Regents ....... . 
For lighting the building ............... _ ... . 
For warming the building ................... . 
For postage .............................. . . 
For stationery ............................. . 
For printing blanks, circulars, receipts, &c ... . 
For tools, materials for cleaning and incidentals. 
For salaries of secretary, chief clerk, an<l assist-










----- 10, 943 G4 
PUBLICATIONS .AND RESEARCHES. 
For publishing Smithsonian contributions, 4to.. $1, 987 18 
For publishing miscellaneous collections, 8vo.. 3, 037 50 
For publishing Smithsonian reports, 8vo . . . . . . 1, 458 55 
For meteorology, salaries of clerks and comput-
ers, rain gauges, and thermometers_ . _ . .. . . . . 1, 581 10 
For apparatus for researches .............. _ . _ 146 80 
For explorations, natural history, and arch:::eol-
ogy in Mexico, Florida, Alaska, New Mexico, 
Hudson's Bay, Alabama, and Nova Scotia. . . 611 54 
LIBRARY, MUSEUM, .AND EXCHANGES. 
For purchase of books, periodicals, and binding. $436 04 
For literary and scientific exchanges, agencies 
at Leipsic, London, Paris, and Amsterdam. . 4, 860 94 
For assistants in museum, janitor, watchmen, 
laborers, &c ...... _ . . . . . . . . . . . . . . . . . . .. . . . 5, 307 50 
For incidentals to museum, freigh~, alcohol, tax-
idermy, &c............................... 3, 513 96 
For gallery of art: Portrait in oil of the late Dr. 
Robert Hare, who gave his collection of chem-
ical and philosophical apparatus to the Insti-
tution ............................. _ . . . . . . 100 00 
8,822 67 
----- 14,218 44 
Expenditures during the year 1869. . . . . . . . . . . . . . . . . . _ 40, 615 65 
Deducting this amount from the receipts of the 
year and cash in bank in January, 1869, viz: 
receipts .................................. $61, 585 30 
===========--= 
Leaves a balance in bank,, January, 1870............ $20,969 65 
============= 
REPORT OF THE EXECUTIVE COMMITTEE. 
ESTIMATES AND APPROPRIATIONS FOR 1870. 
Receipts. 
Interest on the Smithson Fund in the treasury of the 
United States, $650,000, payable 1st July, 1870, and 1st 
Jan nary, 1871, at 6 per cent. golu .. _ ....... _ ........ . 
Probable premium on sale of coin, at 18 per cent ....... . 
Interest on Virginia 6 per cent. stock, 186!), 2 per cent._ .. 
Interest on Virginia 6 per cent. stock., 1870, 2 per cent._ .. 
Sales of useless property, &c ............ _ .......... __ .. 
Income for the ;rear 1870 ......................... - . 
APPROPRIATIONS FOR THE YEAR 1870. 
For general expenses. . . . . . . . . . . . . . . . . . . . . . . $12, 000 00 
For publications and researches . . .... _ .... -.- 15, 000 0(} 
For museum and collections, not including the 
apropriation by Congress for care and pre-
servation of the Wilkes and other explor-
ing expeditions. . . . . . . . . ................ . 
For literary and scientific exchanges ........ . 
For building and contingencies ......... _ . = .. 
61 '000 00 
5,000 00 
5,000 00 










The committee examined 497 receipted vouchers for payments made 
during the four quarte.rs of the year 1869. In every case the approval of 
the secretary of the Institution is given on the face of each voucher, 
and the certificate of an authorized agent of the Institution is appended 
to each voucher, setting forth that the materials and property and ser-
vices rendered were for the Institution and applied to the purposes 
stated in the account. 
The quarterly accounts-current, bank book, check book, and ledger 
were also examined, and showed that the payments were made in con-
formity with the regulations prescribed by the Regents, and that the 
cash balance stated in the accounts current for each quarter was in 
deposit to the. credit of the Institution in the authorized depository, 
after all the quarterly accounts charged in the abstracts were paid. 
In conclusion, the committee finds that all the expenses of the Insti-
tution have been paid in full to the end of the year, leaving a cash 
balance in bank on the 1st January, 1870, of $20,969 65. 





JOURNAL OF PROCEEDINGS 
OF 
THE BOARD OF REGENTS 
OF TFIE 
Sl\1:ITHSONIAN INSTITUTION. 
W ASI-IINGTON, D. C., February 3, 1870. 
A meeting of the Board of Regents of the Smithsonian Institution 
was held on Thursday, February 3, 1870, at 7 o'clock p.m., at the In~ti­
tut ion. 
Present: Chief Justice Chase, Chancellor . of the Institution, Messrs. 
H amlin, Trumbull, Poland, Cox, Maclean, Delafield, Parker, and the 
secretary. 
The minutes of the last. meeting were read and adopted. 
Professor Henry, the secretary, announced that Bon. Hannibal Ham-
lin, of the Senate, had been appointed a Regent, vice l\1.r. Fessenden, 
deceased; that Bon. James A. Garfield and I ... P. Poland had been 
reappointed from the House of Representatives; and that Bon. S. S. 
Cox had been appointed, ·vice Mr. Pruyn, whose term had expired. 
The secretary announced the death of Charles Armistead Alexander, 
esq., a valued collaborator of the Institution, whose series of spirited 
translations of the eulogies of eminent men, delivered before foreign 
academies, have added much value to the annual reports of this estab-
lishment, and have been received in several cases with much commen-
dation by the original authors. 
On motion of Dr. Maclean, it was 
Resolved, That the Regents of the Smithsonian Institution recognize, 
in the death of Charles A. Alexander, esq., the loss of a valued collabo-
I'ator, and that they sympathize with his friends and relatives in the 
bereavement to which they are subjected. 
The secretary presented a general statement of the financial condition 
of the Institution. • 
General Delafield presented the annual report of the Executive Com-
mittee relative to the receipts and expenditures during the year 1869, 
and the estimates for the year 1870, which was read and accepted. 
On motion of Dr. Maclean the secretary was directed to have an in-
surance effected on the east wing and range of the Smithsonian building 
to such amount as he may think necessary. 
The secretary presented the eulogy on the late Professor A. D. Bache, 
which was received and ordered to be printed in the annual report. 
General Delafield, for the Executive Committee, reported that the;r 
were still collecting facts and statistics relative to the city canal, and 
would hereafter present a further report. 
The secretary stated that it vYas bis painful duty to announce that 
since the last meeting of the Board the death had occurred of one of its 
most distinguished members-the Hon. vVilliam Pitt Fes~enden. 
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Appropriate remarks were then made relative to the services, charac-
ter, and virtues of the deceased, by 1\'Iessrs. Trumbull, Hamlin, Parker, 
and the Chancellor, Chief Justice Chase. 
On motion of Mr. Trumbull the following resolutions were adopted: 
Resolt,ecZ, That the Board of Regents of the Smithsonian Institution 
deeply mourn the loss of their distinguished fellow-regent, William Pitt 
Fessenden. 
Resolved, That in the death of ~'lr. Fessenden our country has lost a 
refined and influential citizen, the Senate of the United States an able, 
judicious, honest statesman, and this Institution an active, intelligent, 
and learned Regent. 
0 
Resolved, That we sincerely condole with the afflicted family of Mr. 
Fessenden, and offer to them our heartfelt sympathy in their great 
bereavement. 
Resolved, That a copy of these resolutions be communicated by the 
Secretary of the Smithsonian Institution to the family of the deceased. 
Resolved, That Chief Justice Chase be requeste'd to prepare a eulogy 
on :Mr. Fessenden, for insertion in the journal of the Board of Regents. 
General Delafield in behalf of the Executive Committee, stated that 
they deemed it highly important for the interests of the Institution in 
the promotion of science, and due to the secretary for his long and 
devoted services, that he should visit Europe to consult with the sa vans 
and societies of Great Britain and the continent, and be therefore hoped 
that a leave of absence would be granted to Professor Henry for several 
months, and that an allowance be made for his expenses. 
On motion of Dr. :Maclean, it was unanimously-
Resolved, That Professor Henry, Secretary of the Institution, be 
authorized to visit Europe in behalf of the interests of the Smithsonian 
Institution, and that he be granted from three to six months leave of 
absence, and two thousand dollars for traveling expenses for this 
purpose. 0 
Judge Poland moved, that in consideration of the extra services which 
bad been rendered by Mr. Rhees, chief clerk, since the death of Mr. 
Randolph, bookkeeper of the ~nstitution, in auditing and keeping the 
accounts f(lr the last three years, he be allowed $350, in addition to $250 
already received, or $200 per year. 
This proposition was advocated by the secretary, who considered it 
just not only in regard to the particular services in question, but also 
for his efficiency in the conduct of the general business of the 
establishment. 
The motion was agreed to. 
Adjourned to meet on the lOth instant, at 7 o'clock. 
W A.SHINGTON, D. C., Februa.ry 10, 1870. 
A meeting of the Board of Regents of the Smithsonian Institution 
was held on Thursday, February 10, 1870, at 7 o'clock p.m., at the 
Institution. 
Present, Messrs. Chase, Trumbull, Hamlin, Davis~ Garfield, Poland, 
Delafield, Parker, Bowen, and the Secretary. 
The Chancellor took the chair. 
The minutes were read and approved. 
Professor Henry presented his annual report, which was accepted. 
On motion of General Garfield, it was-
Resolved, That the Executive Committee and the secretary be directed 
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to prepare a detailed statement of all the money expended on the 
museum during the past year, distinguishing between the items uirectly 
and exclusively chargeable to the care of the collections of the Govern-
ment, ami those ·of a contingent or indirect character. 
Mr. Hamlin presented the following, which were adopted: 
Having learned that the chief clerk of this Institution, Mr. William 
J. Rhees, is about to resign the office he has :filled for seventeen years, 
to engage in an active business enterprise-
Resolved, That the Board of Regents highly appreciate his worth as a 
man, and his services as an officer of this Institution. 
Resolved, That while they regret his resignation of an office which he 
has :filled with honor to himself and advantage to the Institution, they 
hope that he may be equally successful in the career on which he is 
about to enter, and that a copy of these resolutions be presented to him 
by the secretary. 
The Board then ~djourned to meet at the call of the secretary. 
[N01'E.-After this meeting the annual report was submitted to Con-
gress and ordered to be printed; therefore, the subsequent proceedings 
of the Board for the session of the beginning of 1870 will be found in 
the next annual report.-J. H.] 
GENERAL APPENDIX 
TO THE 
REPORT FOR 1869. 
The object of this appendix is to illustrate the operations of the In-
stitution by reports of lectures and extracts from correspondence, as 
well as to furnish information of a character suited especiall;y to the 
meteorological observers and other persons interested in the promo-
tion of knowledge. 
KEPLER: HIS LIFE AND WORKS. 
BY M. BERTRAND, Member of the French Academy of Sciences."" 
[Translatedfo1' the Smithsonian Instittttion by C. A. Alexanclm·.] 
The highest laws of the physical world have been established by 
geometers; the hypotheses on which those laws rest acquire real import-
ance only after having been submitted to their decision; and yet the 
progress of natural philosophy would have been impossiblP; if the great 
men to whom they are due, imbued only with a geometrical spirit, had 
regarded only its inflexible rigor. 
Let us imagine a geometer initiated in the most elevated theories of 
abstract science. I speak not merely of a disciple of Euclid and Archi-
medes, but an intelligent reader of Jacobi and of Abel; and let us suppose 
that, while a stranger to every idea of astronomy, be should undertake 
to penetrate by his own independent efforts the general structure of the 
universe and the arrangement of its parts. Let us place him, moreover, 
in the most favorable conditions; let us admit that, free in spirit as Co-
pernicus, he reposes not in the deceptive representations of the senses 
which, Yeiling from us the movements of the earth, have caused its 
immobility to be so long regarded as an axiom: what impossibilities 
will present themselves to his imagination! Borne along by an un-
known movement, perceiving no fixed direction, no stable basis on 
which to rely for the determination of distances, he finds himself with-
out data for the solution of the problem. Our geometer will attain, 
perhaps, to a conception of our own incommensurable littleness; but, 
perceiving no certain route, he will stop short by asserting in the name 
of a science which he believes infallible, because it leaves nothing· to 
hazard, that, whatever the genius of man and the resources with which 
art may endow his organs, our path through space is to him as undis-
coverable as would be that of a grain of dust borne on the wind to the 
animalcules which inhabit it. 
Happily Pascal has gone too far in asserting that what transcends 
geometry lies beyond our reach. This uiscouraging appreciation takes 
no account of a sentiment implanted in the depths of the human soul; 
a sentiment which sustained Copernicus after having inspired Pytha-
goras. Outside of all demonstration, in effect man believes in the har-
mony of the universe and the simplicity of its mechanism; and, although 
imagination stands in strong contrast to geometry, the history of as-
tronomy presents them to us united in a strict alliance; the former sus-
tained by well-regulated reason, in some sort outstripping truth in order 
to rmTeal, as if by intuition, the beauty and general order of the system 
of worlds; the latter exerting its powers to test the true and the false, 
and by separating one from the other, finally to arrive at certainty. 
The situation of the astronomer who seeks to divine the symmetrical 
and regnlar order of the celestial bodies, presents a certain degree of an-
alogy with that of the philologist who, with unknown characters before 
".JUnwires de l'Ll.cademie de Sciences d.e l'Institnt Imperial de Prance, t. xxxv, 1866. 
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him, strives to reconstruct the words and ideas which they express. For 
the philologist as for the astronomer the problem is indeterminate, and 
it might be assumed that its solution is arbitrary; what assurance is 
there in fact that those strange figures are not simply decorative 
designs, capriciously traced without · order and without object~ And 
if they have in reality a meaning, no train of rigorous deductions 
can reveal it by leading us from the known to the unknown through a 
logical and sure chain of reasoning. It is neceRsary in such an inquiry 
to proceed tentatively, to accept conjectures founded on fugitive and 
remote analogies, to establish systems which the further study of facts 
will often overthrow, to frame hypotheses which will pre·sently be re-
jected, but which will be patiently replaced by others, and to do this 
without discouragement, because the true solution, we may be certain in 
advance, will, when once detected and in whatsoever manner obtained, 
offer such a character of certainty that no further place will be left for 
doubt. The same is the case with the true astronomical systems; it is 
impossible to establish it by a series of rigorous deductions, and 
successively to demonstrate its different parts according to thP. method 
of the geometers. But, when a man of genius shall have divined, in 
whatever way it may be, the principles which reconcile the uniform and 
simple reality with the complex and variable appearances, judicious 
minds will at once recognize the truth of-the hypothesis, without scruti-
nizing the means which have led to it, and without waiting for the 
solid and luminous proofs which, accumulating from age to age, will at 
length convert the most refractory by enlightening even the blindest. 
It is not my purpose to retrace, here, the history of the efforts succes-
sively made in this direction, which would be the history of astronomy. 
From among the great men who, withdrawing the veils which bide it, 
have by degrees revealed the universe in its. "full and sublime majesty," 
I have simply selected, in order to sketch the part which he performed, 
the most intrepid, persevering, and inspired of them all; by these terms 
I designate Kepler. 
John Kepler was born at Weil, in Wii.rtemberg, 27th of December, 
1571, twenty-eight years after the death of Copernicus. His father, 
Henry Kepler, who belonged to the noble family of Keppel, was not 
worthy of such a son; he several times abandoned his wife, who herself 
was of evil reputation, and scarcely gave any attention to his four 
children. The early education of John was, therefore, much neglected; 
his mother, who could not read, sent him, it is true, to school, but kept 
him at home whenever his services could be turned to account in the 
inn, which reverse of fortune had reduced her to the necessity of keep-
ing. The boy's weak constitution, fortunately, rendered him but little 
fit for such employments, and it was decided that he should study theol-
ogy. At the age of thirteen he was gratuitously aumitted into the 
Protestant seminar,y of Manlbronn; a favor easily obtained, for instruc-
tion was at that time propagated throughout Protestant Germany with 
a zeal equally libe.ral and enlightened. "It is the head and not the arm 
which governs the world," said the rector of the University of Maul-
bronn, in 1578; "there is need, then, of educated men, and such fn1it 
does not grow upon trees." 
From l\1aulbronn, Kepler, who advanced rapidly in his studies, passed 
to the seminary of Tli.bingen, where he applied himself to theology, but 
without giving to it his \Vhole attention. He here composed some Latin 
verses on the ubiquity of the body of Christ, the elegant precision of 
which attracted the admiration of the secretary of the national depu-
ties. Yet, when he quitted, at the age of twenty-two, the school of Tii.-
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bingen, be was not thought qualified to labor for the advancement of 
the church, and, futnished only with a flattering attestation of eloquence 
and capacity, he was named professor of mathematics and morals in the 
college of Gratz, in Styria. 
The Archdul\e Charles, of Austria, who then governed Styria, pro-
fessed the Catholic religion; but, what was very rare and little to be 
expected at that epoch, he extended to heretics an absolute toleranee; 
so that the Protestants, who then constituted a majority of the rich and 
enlightened classes, enjoyed full liberty to can to their service for all 
offices such of their co-religionists as had been instructed elsewhere. 
Renee it was, that Kepler received an invitation to Gratz. Instruction 
in astronomy being one of his duties, he was charged with the compila-
tion of an almanac, and it was but natural that in a Catholic count,ry, 
he should adopt the Gregorian reform which the Protestants obstinately 
rejected; choosing much rather, as was said, to be at variance with the 
sun than in accordance with the Pope. Kepler, who never consented under 
the most difficult circumstances to compound for the free expression of .his 
religious sentiments, separated, on this occasion, from his co-religion-· 
ists; the question, as he justly urged, was a purely scientific one. More 
than once in his career did he encounter it, and his opinion never varied. 
Sixteen years later, in 1613, in order to induce Germany to accept the 
new calendar, he composed, at the instance of the Emperor Matthias, a 
dialogue between two Catholics, two Protestants, and a mathematician, 
the latter of whom enlightens, and finaUy convinces the others; but 
Kepler was not equally successful with the Diet, to which the question 
was submitted, and, in spite of his efforts, the Gregorian reform was 
postponed till a long time afterward. 
To increase the sale of his almanacs, Kepler did not shrink from in-
serting astrological predictions of political and other events, and, as a 
few happened to be realized nearly at the time predicted, not a little 
credit accrued to him on that account. His biographers have affirmed, 
however, that, superior to the prejudices of his age, he had no faith in 
astrological divination, but his correspondence shows that at this epoch, 
and even many years afterward, he was persuaded of the influence of 
the stars on events of e-very nature. In one of his letters he makes an 
applicatio nof his principles to the newly-born son of his master, 1\'Irest-
liu, and announces that he is threatened with a great danger. "I doubt,l' 
he says, "whether he can survive it;" and, in fact, the child died. Just 
at that time one of l1is own children was also taken away; and when, 
on occasion of this double bereavement, we find him, with expressions 
of affectionate interest for his master, again speaking of the fears which 
he had conceived, how is it possible to believe that he was not in earnest~ 
But his predictions were not always so exactly fulfilled, and, after being 
often deceived, Kepler became less and less credulous. Thus it fared 
with astrolog·y as with many other errors which entered his mind with-
out taking root. He said, indeed, that, as the daughter of astronomy, 
astrology ought to nourish her mother; and he continued during life 
to make for those who asked it, and for a consideration, predictions and 
horoscopes conformable to the rules of the art. But, so far from abusing 
the credulity of his clients, he avowed to them t.hat, in his opinion, his 
conclusions should be regarded as uncertain and suspicious; telling 
them, as Tiresias tells Ulysses, (in Horace:) Qui equid dicam aut erit aut 
non-(\Vhat I may say will or will not come to pass.) 
The first scientific work of Kepler is entitled 1J1ysterium cosmographi-
cum, and was composed during the earlier part of his residence at Gratz. 
I undertake to prove," he says in his preface, "that God, in creating 
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the universe and regulating the order of the cosmos, had in view the 
five regular bodies of geometry as known since the da.ys of Pythagora~ 
and Plato, and that he has fixed, according to those dimensions, the 
number of heavens, their proportions, and the relations of their move-
ments." 
It is impossible not to be struck with the confident ardor of the young 
author and his enthusiastic admiration for the wisdom which go-verns 
the world and the majesty of the problems to which his life was t,o be 
consecrated. ''Happy the man," says be, "who devotes himself to the 
study of the heavens; be learns to set less value on what the world ad-
mires the most; the works of God are for him above all else, and their 
study will furnish him with the purest of enjoyments. Father of the 
world," he adds, "the creature whom 'rhou hast deigned to raise to the 
intelligent contemplation of Thy glory is like the king of a vast empire; 
he is almost comparable to a god, since he has learned to comprehend 
Thy thoughts." The theory which inspired such transports is to-day 
disavowed bv science. That brilliant edifice was destined to crumble 
away, little by little, for want of sure foundations, and Kepler, at that 
epoch, may be likened, according to Bacon's happy comparison, to the 
lark which soars to the skies, but brings back nothing from her excur-
sions. 
He always entertained, however, a great tenderness for this first labor, 
and, alt.hough he himself has, in a second edition, pointed out grave 
errors, he insists that no debut in science was ever more happy. Of 
this work little is recollected but some solid and convincing arguments 
in fa7or of the system of Copernicus. Kepler does not hesitate to cen-
sure emphatically, in a note, the tribunal which bad dared to place in 
the Index of the Lateran the works of the illustrious Pole. "When we 
have usedt he says, "the edge of an axe upon iron, it cannot serve af-
terward even to cut wood." The calculations which he executed on this 
occasion served, so to speak, to clear the field which was to yield him so 
ample a harvest; and the learned world, not less charmed by tlw agree-
able and brilliant form of his exposition than surprised by the novelty 
of his ideas, became attentive to what the young astronomer might in 
future submit to it. 
Having acquired a modest competence by his marriage with tne young 
and fair Barbara Muller, already the widow of a first and separated 
from a second husband by divorce, Kepler seemed permanently fixed in 
Styria, and devoted himself, amid general applause, to the study of 
the science in which he delighted. His correspondence shows him to 
have been, at this epoch, fully satisfied with his labors and in the serene 
enjoyment· of domestic happiness. This period of sweet tranquillity and 
studious leisure makes its appearance in his life as a peaceful oasis, 
where he was to repose but for a short time, and which be was destined 
never to find again. The Archduke Charles had as successor his son 
Ferdinand, who, a far better Catholic than he, chose as generalissimo of 
his troop~ the holy Virgin, and maq.e a vow to extinguish heresy in his 
estates; the most simple means was to drive out the heretics, and it was 
that to which he resorted. Kepler, protected by learned Jesuits, who 
knew how to appreciate his merit, was treated with an exceptional in-
dulgence. After having been forced to quit Gratz, he was permitted to 
return on condition of observing due prudence and reserve. This, we 
must conclude. he did not do to a satisfactory degree; for, shortly after, 
be was banished anew, forty-five days being allowed him to sell or rent 
the lands of his wife. It was of such acts, doubtless, that a celebrated 
historian was thinking when he wrote that, without disturbance and 
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without cruelty, Ferdinand succeeded in suppressing the Protestant wor-
ship in Styria. 
However this may be, Kepler, thus deprived of the means of subsist-
ence and banislwd from Styria, where numerous frieuds had. surrounded. 
him, remained unshaken in his faith. The Counsellor Herwart in vain 
proposed to hiw terms of accommodation; his integrity could not be 
made to bend. Kepler, so ingenious in his resea,rches, was by no means 
so in paltering with his conscience. Unable to yield his reason to the 
Catholic creed, he obstinately refused it his homage. The reasons on 
· which he based his resolution, equally remote from the weakness which 
ben<ls to persecution and the arrogance which braves it, are impressed 
with a calm and gentle dignity: "I am a Christian," he writes to Her-
wart, "attached to the confession of Augsburg by a thorough examina-
tion of the doctrine, not less than by the instruction of my parents. 
That is my faith; I have already suffered for it, and I know not the art 
of dissewbling. Heligion is for me a serious affair, which I cannot treat 
with levity." And he continued, without losing heart, to find a refuge 
in science, devoting to it his hours of labor, llis studious watchings, the 
ardent ye::lrnings of his enthusiastic intellect. But this could not wholl,y 
preclude the bitter thoughts of exile and of poverty; if little concerned 
for himself, he could not help feeling how nearly tlwse afflictions touched 
those who were dear to him. "I entreat you," he writes to Mcestlin, "if 
there is a place vacant at Ti:ibingen, contrive to obtain it for me; -let me 
know," he adds, ''the price of bread, of wine, and the necessaries of lit'e, 
for my wife has not been accustomed to a diet of beans." It was under 
these trying circumstances that he received from the celebrated Tycho-
Brahe, who had become acquainted. with his adversity, a proposition to 
unite with him in the astronomical labors wit.h which he had been charged 
by the Emperor Hudolph. Kepler did not hesitate, and repaired with 
his family to Prague. 
Nothing could have been more fortunate for ast.ronomy than the union 
of Kepler with such a man, whose researches, less brillhint perhaps than 
his own, are distinguished by a laborious precision, which no previous 
astronomer had mTer carried to the same degree of perfection. K.epler, 
himself, seems to have foreseen all its advantages when, speaking of the 
observations accumulated by Tycho, he wrote the year previou,s to 
1\icestlin: '' Tycho is loa<led with riches which, like most of •the rich, he 
makes no use of." He had practiced observation, in effect, for thirty-
five years, without any preconceived idea, wlile keeping an exact and 
minute register of the phenomena of the heavens. These accumulated 
results, without direetly disclosing the truth, were admirably calculated. 
to preserve Kepler from error by furnishing a solid point of support to 
the boldness of his inventive genius, and as a limit established in ad-
vauee to prohibit its excesses. Having soon afterwards become, by the 
death of rrycho, possessor of the precious materials <lestiued to fertilize 
his ideas, he was nnt slow in perceiving that under the confusion of 
those elements, which he might justly compare to the scattered leaves 
of the Sibyl, was concealed an eternal and immutable order, and he 
sougllt it dnringuine years with the unwearied devotion which triumphs 
over discouragement, and with the energy which assures success. 
But with a view to proceeding in order, be first directed hi~ attention 
to the elimiHation of a cause of error already indicated by Tycho, and 
one with whieh all the astronomical observations ar.e infected: be stud-
ied the laws of refi·action. 
Hipparchus relates that twice in the same day he had observed the 
·sun iu the equator, and consequently t\ro equinoxes.. From this Ptolemy 
7s 
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simply concludes that one of these observations is erroneous ; but the 
same singularity presented itself on different occasions to T_ycbo, who, 
certain of his own skill and of the precision of his instruments, could 
not admit such an explanation. He pointed out the true cause in the 
refraction of the luminous rays, which, null at the zenith, acquires at 
the horizon its greatest value; consequently, when the sun is, in the morn-
ing, a little below the equator, the refraction, by elevating its rays, may 
produce the impression of the observation of the equinox. Some hours 
later, when the sun is nearing the zenith, the refraction is less, and this 
cause of depression, compensating for the distance which the sun has 
tFaversed in its orbit, may cause it to be obRerYed anew in the equator. 
Pliny cites another contradietion not less palpable, which, while 
equally sllowing the importance of the phenomenon of refraction, should 
have led the ancient astronomers to make it the subject of their study. 
''An eclipse of the moon," he says, "has been observed at the moment 
when the sun was still visil>le aboYe the horizon." The moon conse-
quently tlisappeared although the right line which joins its center with 
that of the sun appeared not to encounter the earth. 'J'he fact is a con- -
stant one; it was observed particularly by Mrnstlin and by Tycho; yet 
there is evidently a necessity that the earth, inonler to eclipse the moon 
by its shadow, must be placed in a right line between the moon and sun. 
It is undeniable, therefore, that the three bodies are really in a right 
line at the moment of the eclipse, an<l the phenomenon must be ex-
plained by the refraction which brings the two luminaries into an appar-
ently Rimultaneous opposition above t.he horizon. It will be seen from 
these instances how hnportant it is that this cause of error should be 
taken into account in the discussion of observations. The Arabian as-
tronomer Alhazen and the Polonese Vitellion were the first to call at-
tention to this point, and Tycho, who thorou-ghly felt its importance, gave 
still later a table of refractions relative to different inclinations. . 
The difficulty of such an investigation is readily perceived, not to 
say that an,y direct determination is impossible. Refi'action is the angle 
formed by the right line which really connects the luminous body with 
our eye, and the line resulting from the direction in which it is per-
ceived. Now, of these two directions the second alone is open to actual 
observati011; the angle which it forms with the other cannot be meas-
ured, and it is necessary to calculate it by an indirect process. The con-
tinuous observation of a star followed from the zenith to the horizon 
might give it; the diurnal movement, the laws of whieh are not contested, 
causes the star, in efi'ect, to describe a perfect circle in the heavens, and 
knowing at every instant where it ought to be, we may place to the ac- · 
count of refraction the observed irregularities. 
The process followed by Tycho is a little different, but he was far from 
attaining the object in view; according to him, the refraction of the 
light of the stars completely ceases at ~0° from the horizon; that of the 
sun, being more considerable, becomes null only at 45°. This is alto-
gether inexact, refraction follows the same laws for all these luminaries~ 
anu becomes null only at the zenith. Kepler, therefore, took up the 
question from the beginning, and composed, under the modest title of 
Paralipomena, acl Vitallionmn, a complete treatise of optics. 'fhis work, 
though containing serious errors, is trul~r remarkable for the time when 
it was composed. We find therein the correct theory of t0lescopes, ex-
act rules for determining the focal distance of lenses and the augm~nt­
ative powerbfan instrument. Here, for the first time, was given an exact 
description of the eye and the explanation of its mechanism; it is here, 
fimtlly,, that we find an explanation of the cinereous light of the moon, at-· 
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tributed in a spirit of loyalty to his old master Mrestlin. Although en-
tirel.v misled as to an elementary law of refraction, Kepler has here cal-
cnlated a table of astronomical refractions. which fi·om the .zenith to 70° 
does not differ more than 9" from that adopted at present, but in ap-
proaching tlw horizon the deviations become more considerable. We 
recognize in this book the hand of no ordinary artificer; its perusal is 
embarrassed by few difficulties, and although in its doctrines tares be 
mingled in abundance with the good grain, the student ·who wishes to 
proYe all things for himself would still find much to repay his labor. 
Descartes, who cites it with honor in his Dioptrics, expressly acknowl-
edged the obligations which he owed to it. 
Dnt, while striving to attain the objects which he had proposed to 
himself, Kepler, as astronomer to the emperor, could not properly re-
main inattentive to the events which were taking place in the skies. 
ITo wrote, in 1606, a long <lissertation on a star which bad appeared in 
the constellation of the Serpent, and whieh, after haviug shone with a 
brilliancy greater than that of Jupiter, disappeared as mysteriously as 
it had come. Tllis phenomenon, strange but not unexampled, causetl 
a great sensation. ''If I should be asked," said Kepler, "what will 
come to pass; what it is that this apparition forebodes '? I shall an-
swer without hesitation: First of all a flood of writings, published by 
numerous authors, and much labor for the printers. If I should be ac-
cused of having in my dissertation passed too slightingly over the the-
ological and political consequences, I shall reply that my charge imposes 
on me the obligation of prom.oting astronomy to the best of my ability, 
but not of fulfilling the office of public prophet. I am glad of it ; if I 
had to speak freely of all that passes in .Europe and in the church, I 
should be much in danger of giving offense to all the world, for as nor-
ace says, 
" fliacos intra rnuTos peccatur et extra."" 
One would scarcely suppose on reading these lines that they were 
written in 1606! 
He proceeds to inquire whence this star could have sprung and of what 
matter it was formed; but he does not succeed in solving the question, 
and concludes only that the blind force of atoms bas nothing to do with 
it. Of this opinion also was his wife Barbara; Kepler tells us so in one 
of those personal digressions in which he sometimes indulges, and 
which are so viYid and sprightly that in reading them we almost seem 
to hear and see him, and at the same time are so naturally introduced 
that we feel no surprise at finding them mixed up with the serious 
thoughts on which he is intent. "Yesterday," he says, ''fatigued with 
writing and troubled in mind with meditations upon atoms, I was called 
to dinner, and my wife plaeed a salad on the table. Do you think, said 
I to her, that if tin-plates, lettuce leaves, grains of salt, drops of oil and 
vinegar, and fragments of hard-boiled eggs bad been floating in space 
eYer since the creation, in every direction and without order, chance 
could have brought them together to-day to form a salad ?-Not so good 
a one, I am certain, replied my fair spouse, nor so well made as this 
one is." 
The treatise on the new star, which contains thirty chapters, leaves 
the reader as ignorant as the author himself was and as we to-day are 
of the nature and causes of the ·catastrophe which, from the presumed 
*Trojans and Greeks, seditions, base, unjust, 
Offend alike jn violence and lust.-FRANCIS's translation. 
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distance of the stars, must have been accomplished in the heavens 
and have troubled the systems of the cosmos many ages before the 
observations of Kepler. 
After nine years of efforts prosecuted with an intense application of 
mind ·which sometimes, as he tells us, had tormented him almost to 
madness, di1t nos torserat ad insaniam, Kepler succeeded in exactly 
representing the movement of l\'lars by two of the laws which have since 
been recognized as applicable to the other planets, and which have im-
mortalized his name. II is work is entitled: Astronomia nova,, seu Physica 
cmlestis, &c. (The new astronomy, or celestial physks, founded on the 
study of the movement of l\'lars, deduced from the observations of Tycho-
Bralle.) The preface, addressed to the Emperor Rudolph, furnishes a 
curious example of the spirit of the epoch, even more than of the genius 
of Kepler: 
"I bring to your Majesty," he says, ''a noble prisoner, a trophy of an 
arduous and long doubtful war, prosecuted under your auspices. Nor 
do I fear that he will refuse or scorn the name of captive, since it is not 
the :first time that he has borne it; long ago, as we are informed, the ter-
I'ible god of war fell ingloriously into the toils spread for him by Vulcan. 
Yet, until now, none had more completely triumphed over all human 
stratagems ; it was in vain tlJat the astronomers prepared C\ery thing 
for the struggle; in vain that they brought all their resources into action 
and marshalled all their forces. Mars, mocking at their attempts, dis-
concerted their plans and baffled their hopes. Withdrawn in an im-
penetrable secrecy, he succeeded in veiling his skillful evolutions from 
hostile obserYation. The 3Jncients complained of this deceptive strategy 
more than once, and that indefatigable explorer of the mysteries of 
nature, Pliny, pronounced Mars inscrutable to human eye. 
"For myself, I ought first of all to extol the activity and pertinacity of 
the valiant chieftain Tycho-Brahe, who, under tlw auspices of the Dan-
ish sovereigns, Frederick and Christian, studied every night for twenty 
years the procedures of the enemy, in order to discover tl1e plans of the 
campaign and the secret of his movements. The oblServations be-
queathed to me by my predecessor have aided me in dispelling that 
vague an<l indefinite apprehension which is at :first felt in the presence 
of t~J mysterious foe. 
"During the uncertainties of the contest how many disasters have 
desolated our camp! Tlle loss of an illustrious chieftain, sedition and 
desertion among the troops, contagious maladies, all contributed. to aug-
ment our distress. Domestic solace and suffering alike interfered with 
business; a new enemy, as I have reported in my book on 'the late evan-
escent star, precipitated himself on the rear of our army ; the veterans 
withdrew, the new recruits were untrained, and, worst of all, provisions 
were exhausted. FinaHy, however, the enemy became reconciled to 
peace, and by the mediation of his mother, Nature, sent me the avowal 
of his defeat. He surrendered on his parole, and Arithmetic and Geo-
.metry escorted him into our camp. ] 1rom that time he has shown that 
he can be entirely trusted, and, content with his lot, asks but one favor 
of your majesty. All llis family is in the sky; ,Jupiter is his father, 
Saturn his grandsire, Mercury his brother, and Venus his bosom friend 
and sister. Accustomed to their august society he is ardently desirous of 
recovering it, and would wish that like himself they were all receive<l into 
your majest,y's common hospitality. To that end it is important to profit 
by our success and to pursue the war with vigor; its hazards are at an 
end, since .Mars is in our power. But I entreat your majesty to remem-
ber that money constitutes the nerves of war, and to be pleased to order 
·' 
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your treasurer to deliver to your general the sums necessary for the 
levy of new troops." 
In commencing the study of the movements of Mars, it was in cum bent 
on Kepler to ascertain with precision the time of its revolutiou, which 
was not unknown to Tycho, nor ·even to Ptolemy, who had calculated it 
with nearly equal exactness. It is a proulem, in fact, which; notwith-
standing its apparent difficulties, is of easy solution. The imaginary 
right line, called the radius vector, which connects the :fixed center of 
the sun with the movable center of the planet, may be compared to the 
hand of a clock, and the time occupied iu traversing its vast dial is the 
time of the revolution of .:Mars; the radius vector which unites the earth i 
with the sun may ue regarded as a shorter hand than the preceding 
and as turning· in the same direction. Tbe movement of the latter is 
well known; it makes its circuit · in a year. Suppose, now, though it 
be not absolutely exact, that the planes of the two orbits coincide; in 
other terms that the two hands, of unequal length, move on the same dial-
plate. Placed as we are at the extremity of the smaller, it is easy for 
us to note its coincidences with the greater, and the a~tronomers who 
attentively observe the sun and the planet Mars will be able to say at 
what moment we are on the line which unites them. It has been long 
known that these oppositions of Mars and the sun, or, what amounts to 
the same thing, tlle coincidences of the two hands of the dial, take place 
on a mean every 795 days. The longer band, therefore, makes iu 795 
days one circuit less than the shorter ; and as the movement of tL.e latter 
is known to us, the tyro in astronomy can deduce therefrom the moYe-
ment, assumed to be uniform; that is to say, the mean movement of the 
other. It is thus that the period of the revolution of :Mars has been 
found equal to G87 days. 
This result being well known to Kepler, he conceived the idea of col-
lating, in the observations of Tycho, those which differed precisely by 
that number of days, and for which, consequently, Mars, after having 
accomplished a circuit, had returned to the same point of its course. 
He thus very ingeniously eluded the difficulty, apparently insurmount-
aule, which results from its continual displacement in space. The two 
positions of the earth in its orbit being known through the pre·dous 
study which bad been made of its movement, the line which unites tllem 
. becomes the base, at the two extremities of ~hich the inquirer is con-
sidered as placed for the observation of a planet, which, having returned 
to the same position, may be regarded as motionless. One of the posi-
tions of Mars will thus be found with the date of two epochs, separated 
by au interval of G87 days, on which it has arrived. at that place. By 
interposing other observations separated from the :first by a period of 
two or three revolutions of the planet, the same result will be obtained, 
a result which furnishes a means of yerifying the calculations, and at 
the same time, what is still more valuable, a contirmation of the hypoth-
esis adopted for the law of the movement of the earth. 
Encouraged by this first success, Kepler recommenced the operation 
a great number of times, following the planet step by step, in order, so 
to say, to stake out its course through space; but. how many points are 
needed to determine the geometric nature of a curve~ Rigorous geom-
etry answers that, however great the number, it will not suffice, and 
that uy any giv(jn points an infinite number of distinct curves of very 
different properties may always be made to pass; it is for this reason 
that so many tables admirably precise obtained by physicists have never 
been found susceptible, notwithstanding their efforts, of being converted 
into mathematical laws. The uncertainty and incompetence of science 
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in presence of such a problem require that patienee should come to the 
aid of genius. Kepler attempted at first the verification of the hypo-
theses preYiously admitted, by seeking to place aU llis points on the 
same circle; but his efforts were futile; his calculations left errors of 
seven to eight minutes subsisting, and he proved that no better could 
be done. Eight minutes seem but a sma11 matter; it is about a fourth 
of the apparent diameter of the sun; but it is in astronomy especially 
that it may be said with truth: He who despises small things shallfall by 
little and little. Kepler knew it, and this little error, which he was 
unwilling to aecept, became considerable by its consequences. "The 
Divine Goodness," h'e says, "has gh-en us in Tycho an observer so exact 
that an error of eight minutes is impossible." The hypothesis of a cir-
cular orbit was therefore inadmissible; but Kepler does not on that 
account despair of victory, nor is his confidence at all shaken. He 
fancies that, like the wanton .Ga.latea (in Virgil,) Mars flies to covert, 
but jn hiding wishes not to escape unseen: 
Et fugit ad salices, et se cupit ante videri. 
This is the first line of his fifty-eighth chapter. 
After numerous attempts and laborious calculations, Kepler at last 
found that an elliptical- orbit satisfies all the observations of Tycho; 
then it was that, as he expresses himself in his preface, he regarded 
Mars as a prisoner on parole. In a position thenceforth to interrogate 
the captive at leisure, he continued to press the inquiry more closely, 
by marking the places which the new theory indicated for the future, 
and he had the satisfaction of seeing the planet, punctual to the appoint-
ments which be had fixed, respond, so to say, ·to llis summons, as the 
stars reply to their Creator in the book of Baruch, which La :Fontaine 
so much admired: Yott have called me; behold, I am here! 
This complete and persistent conformity furnished the irresistible 
evidence of the two celebrated.laws which he could at length announce 
with certainty: Mars describes an ellipsis of which the sun occupies a 
focus. The areas described by the radius vector are proportional to 
the time. 
But our statement of the great discovery of Kepler would be incom-
plete did we not particularize two remarkable circumstances which, 
coming fortuitously to the aid of his penetration, conducted him with 
more facility to the goal from which they might otherwise have turned 
him aside. 
The movement of the earth, the presumed knowledge of which had 
served as a basis for all his calculations, was theoretica}ly as imperfectly 
known as that of Mars. The circle in which he makes our planet move 
shonld be replaced by an ellipsis; but this ellipsis fortunately differs 
from a circle in a sufficiently small degree to render the substitution of 
one for the other a matter of indifference for the rate of approximation 
to be adopted. Had it been otherwise, the method would have become 
inexact, and the numbers, by contradicting one another, would have 
warned and discouraged the accurate and conscientious inquirer. The 
second circumstance, still more remarkable, perhaps, wa.s tlw imperfec-
tion of the methods of ol>servation and of the instruments of 'fycho. 
KepJer might affirm, it is true, that an error of eight minutes was 
impossible, and this confidence saved eYerytbing; had he said as much 
of an error of eight seconds, all would have been lost. The internal 
organ of judgment, to use an expression of Gmthe, would have ceased 
to be in harmony with the external organ of sight, become too delicate 
and too precise. 
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Kepler had, in fact, deceived himself by regarding the important 
advautage obtained over the refractory and stubborn plauet, as one of 
those decisive victories which forever terminate the contest; the great 
laws to which he had given expression, eternally true as they are within 
due limits, are not rigorous and mathematical. Numerous perturba-
tions cause Mars incessantly to de-viate from his path, and release him 
from time to time from the frail bonds in which the exulting ealculator 
thought him eutangled forever. For .those, it is true, w~ho are enabled 
to penetrate more deeply, the irregularities in question, once explained 
and foreseen, brilliantly confirm the theory of attraction which they 
both enlarge and elucidate; but the premature knowledge of those per-
turbations, a necessary consequence of more precise observations, would 
perhaps by involving the truth in inextricable embarrassments, have 
retarded for a long time the progress of celestial mechanics. Kepler 
would then have been forced, since the elliptical orbit must httve been 
rejected on the same grounds with the circular, to seek by direct means 
the laws of the disturbed movement, at the risk of exhausting, against 
insuperaLle obstacles, all the resources of his penetration and the 
obstinacy of his patience. 
Kepler now conceived the idea of penetrating more deeply into the 
mysteries of nature and discovering the cause of the movements whose 
laws he had revealed. After having destroyed forever the olJ error of 
obligatory circular orbits, he announced the simple and true principle 
on which rests to-day all rational mechanics: the natural movement 
of a body is always rectilinear; but unfortunately he ad(ls: '' Pro-
vided there be not a soul which directs it," and this restriction mars 
everything. Nego ullmn rnotum perennam non rectum a Deo cond'itum esse, 
prresidio mentali destitutttun. There needs, according to this principle, an 
unceasing force to conduct the planet in its cnrYed orbit, awl tltis force 
resides iu the sun. Kepler affirms this expressly: Solis igitu'r corpus esse 
fontem virtutis qucc planetas omnes cirml'lnagit. It is the doctriue of 
Newton, or to speak more generally, it is truth. 
Admirers of Kepler have seen in the two phrases just quoted one of 
his highest titles to renown. On this point I ca,Hnot agree with them. 
Impatient of the mystery of the planetary movements, Kepler has here 
not beeu faithful to the inspirations of bis genius; uncertain and irres-
olute, he has attemp~ed on the contrary all kinds of explanations with-
out adopting and vindicating any one of them, and when the true idea 
crossed his mind, he was not able to appreciate or employ it. 
After having said that the cause of the moYement is in the body of 
the sun, he supposes that the rotation of that orb is transmitted to the 
planets awl impels them; he introduces, further, a 1I4'1gnetic 'fm:ee de-
pending on the direction of the axis of the body thus impelled. Views 
of an extremely vague kind on the natnre of attraction lead him more-
over to believe that it is i1wersely proportional to the distance, and it 
lws been remarked that with a very slight modification, his reasoning 
would have conducted him to the true law. That does not hinder him 
from belieYing that the plft~~et, being sometimes nearer to the sun, some-
times more distant from it, must be alternately attracted and repelled. 
With a contradiction which shows beyoud all else the uncertainty of his 
ideas, he asks whether the planet, comprising its force within itself, is 
not endowed with an active principle ,.,·hich guides as well as moves it, 
and without going so far as to accord to it the faculty of reasoning, he 
bestows upon it a soul, which, instructed ats to the route it must follow 
for preserving the eternaJ order of the uuiyersc, directs and maintains 
it therein with unflagging power and exhaustless energy. But how, 
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npon this hypothesis, does the planet succeed in recognizing its path~ 
The expression of its velocity necessarily includes sines, and admitting 
even that this soul has a perception of angles, by what mysterious 
operation, he asks, could it calculate the sines of those angles~ Heeur-
ring, finally, to the idea of a magnetic attraction, he is apprehensive of 
a conflict between the m::tgnetic power and the animal power. These 
confused reveries in which the genius of Kepler iu·volves itself, make 
us involuntarily think of tlle words we have cited: "Torquebar pane ad 
insam.iamt j'' tlley adu nothing to his glory; it imports little that iuter-
polated among these opinions, which are so many errors, he has for once 
announced the truth without founding it upon solid reasons. 'Vhen a 
traveler seeks his way in the darkness of a rayl~ss night, and hesitating· 
at every step, exclaims anxiously from time to time: Perhaps it is there! 
shall we prais;e his sagacity because he has happened for once to guess 
right and has then passed on ~ ' 
It woulU be unjust, therefore, to claim for Kepler the discovery of 
universal attraction, but there is no room for surprise at this. l\1echan-
ics, scarcely in its infancy, diu not enable him, however clear-sighted, 
to test his ideas on motive forces and to transform them into precise 
and calculated theories; the labors of Galileo and of Huyghens were 
necessary to prepare even Newton, for this, his immortal achievement. 
'J1he studies and meditations of Kepler were often interrupted and 
constantly troubled by chagrins and embarrassments of every kind. 
The heirs of Tycbo were entitled to a share in the prufJerty of the as-
tronomic tables which Kepler bad promised; they complained of his 
deferring their publication while he occupied his time with researeh~s 
in physics and with empty speculations, w bile the celebrated astron-
omer I..~ongomontanus coustituted himself the organ of their reproaches 
aud unjust suspicions. In a letter, at the outset of wllich he still treats 
Kep1er as a learned man and a friend of long standing, he accuses him 
of indulging an immoderate zeal in the refntation of the theories of Tychu, 
of allowing himself to be diVerted from the occupations of his office by 
the pass-ion for criticis·ing everyth-ing, and of brectking, by attackiug the 
works of liis friends, the ties of a:ffect·ion which bound them to him. "If 
my engagements had permitteu," says Longomontanus, "I ''oulu have 
gone to Prague expressly to h::nre an explanatiou with you; but," be 
adds with increasing acrimon,y, "of what, after all, my dear Kepler, do 
yon so much vaunt yourself? All your researches rest on bases estab-
lished by Tycho, in which you have changed nothing. You may per-
suade the ignorant, but cease to maintain absurdities before those who 
thoroughly understand the matter. You do not fear to compare the 
works of Tycho to the muck of the Augean stables, and, like another 
Hercules, announce yourself ready to cleanse them ; but no one is 
deceived thereby or prefers yon to our great astronomer. Your arro-
gance disgusts all sensible people." 
Accusations so remote from truth could not wound Kepler. He 
despised all this empty objurgat,ion which re-echoed around him. A 
few notes on the margin of the letter from Longomontanus show in 
what estima,tion our philosopher held it. ~'Pretty abuse," be writes; 
and again, "decent phrases, if yon please, to disguise your spleen." 
His reply, iu which he declines a useless discussion, displays unbounded 
l kindliness; it enables us to discern the serenity of his mind and moder-
ation of his character. ''At the moment when I received your militant 
epistle, peace had long been made with the son-in-law of ''rycho. You 
antl I would resemble, in quarreling, Portuguese and English vessels 
which should fight in tlle Indies when peace was already ratified at , 
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home. Yon blame my manner of accusing and refuting. I 
yield the point, though I do not think that I have deserved your re-
proaches. From you, my friend, there is no reproof which I do not 
accept. I regret that yon did not come to Prague; I would have • 
explained my theories, and you w·oul<l have returned, I trust, fully satis-
fied. You jeer me. So be it; let us laugh together. But why accuse 
me of comparing the works of Tycho witll the muck-heaps of Augeas ~ 
You had not my letters under your eye; you would have seen that they 
contained nothing of the kind. The name of Augeas llas found a lodg-
ment only in your own imagination. I do not dishonor my astronomical 
labors by scurrilities." And in concludiug: "Adieu," he says; ''write 
to me as soon as possible, to the end that I may know tllat my letter 
has changed your feelings in reo·ard to me." 
Tile peace with the heirs of Tycbo was but a brief truce; they 
addressed themselves to the Emperor him~elf; but Hudolph, though 
incapable as Emperor and King, had an enlightened and sincere lo,~e 
for the sciences, and put aside all these importunate cavilings. Sur-
rounded, however, with enemies and rebels, the Emperor of Germany 
. could scarce pay his astronomer some light installments on the con-
siderable amount which he Lad fixed as his salary, and Kepler, in ord.er 
to support his !amily, was compElled to accept labor of m~ery sort, to 
make almanacs, calculate horoscopes, and place his erudition at the 
service of every one wl10 could pay for it. 
After the death of Hudolph, his successor, 1\Iatthias, less favorable 
to science and not less embarrassed. by the incurable divisions which 
distracted. the empire, entirely abandoned the observatory of Prague, 
so that its labors were interrupted through the failure of the most in-
dis;pensahle supplies. Kepler was coHstraiued to relinquish employ-
ments which no longer yielded him even bread, and to accept the func-
tions of professor at the University of Liuz. It was in this city tllat 
he lost his wife, Barbara. Not long afterward, in order, he said, to give 
a mother to his three children, but without affecting to have made by 
doing so any great sacrifice on their account, he married again. After 
having com pared with much care and subtlety of discrimination, as we 
see in one of his letters, tl10 merits and attractions of eleven young per-
sons commended to him by his friends, he espoused Susannah Heut-
linger, orphan daughter of a simple artisan, who had been carefully 
educated in one of the most d.istinguished boarding-schools of the 
country. "ITer beauty, her habits, her form," he writes, '' ever,ything. 
about her suits me. Patient and industrious, she will know how to 
conduct a modest household, and, though not in her first youth, she is 
of an age to learn all that may be wanting." This marriage was the 
occasion of an important work, in which Kepler shows by a new example 
that his genius, in its comprehensive survey, embraced. all the depart-
ments of science. "As I was about to be married," 11~ says in the pre-
face, "and the vintage was abundant and wine cheap, it was incumbent 
on a good father of a family to make provision thereof and replenish 
his cellar. HaYing therefore bought several casks, the Yintner, a few 
days after, made his appearance with a view to ascertain the price by 
measuring their capacity, and, without making any calculation, plunged 
an iron rod into each cask and at once pronounced its contents." Kep-
ler then recalls that on the banks of the Hhine, doubtless because wine 
is there more costly, the trouble is taken of emptying the barrel in order 
to count exactly the number of quarts it coutains. Is the much more 
expeditious method practiced in Austria sufficiently exact 0? "This is 
a question," says Kepler, "the study of which is not unworthy of a 
106 LIFE AND WORKS 01!.., KEPLER. 
geometer newly married;" and, to solve it, he proceeds to discuss pro-
blems of geometry which may be accounted among the most difficult 
which had been till then undertaken. A singular consequence deduced~ 
is the following: · 
''Under the influence of a good genius who was, no doubt, a geometer, 
the constructors of casks have given them precisely the form which, for 
a line of the same length as that measured by the gaugers, affords the 
greatest possible capacity; and, as in the neighborhood of the maximum 
the variations are insensible, small accidental deviations exert no appre-
ciable influence on the capacity, the expeditious measuremeut of which 
is consequently sufficiently exact." This idea respecting maxima, thrown 
out in passing, but in such absolute terms, by Kepler, received its devel-
opment twenty years later from Fermat, of whom it is one of the titles 
to honor. 
Kepler adds: "Who will deny that nature alone, without any process 
of reasoning, can teach geometry, when our coopers, guide<l only by their 
eyes aud an instinctive sense of the becoming, are thus seen to divine 
the form which best comports with an exact measurement~" In con-
formity, at the same time, with his habit of mingling reminiscences of 
the cla~sic poets with his scientific labors, he terminates this treatise 
on the Art of measuring casks with two verses, imitated· from Catullus, 
which, freely translated, signi(y that, when in-dulging in conviviality, 
we should not couut the glasses: 
Et q nurn ])Ocnla mille :rnensi erirntts, 
Conturbabimus illa. ne sciamus. 
This very learned work could be of no assistance to Kepler in the 
support of llis family, becoming every year more numerous; be was 
living, therefore, with great economy and amid continual anxieties for . 
the future, when afflictions still more poignant came to embitter his 
latter years. A letter from his sister apprised him that their mother, at 
the advanced age of seventy, had just been cast into prison on an accu-
sation of the crime of sorcery. Incensed at the impertinent absurdity 
of the questions addressed to her by the judge of instruction, Catharine 
Kepler had aggravated her position by becoming accuser in turn, and 
scornfully reproaching the magistrate with his abuse of office in the 
acquisition of suduen wealth. Unha,ppily, public opinion held her guilty, 
and without any precise allegation overwhelmed her with the ouium of 
all the calamities of the vicinage ; especially was general horror excited 
when the fact was· established that she never looked auv one in the face 
and had never been seen to shed a tear. These signs of malignity, it is 
true, were not conclusive, but as the judges, in impeachments of this 
kind, were absolved from the ordinary restraints and had no fear before 
their eyes but that of seeming too lenient, 'the usage was to extort by 
torture such confessions as would conduct the victim to the stake. 
Kepler hastened to the scene, and for five years of cruel apprehensions 
struggled unceasingly for the safety of his mother. Not all t,he pre~tige 
of his renown, howeyer, nor his earnestness in demonstrating that 
''these tests of patience rather than of truth," as Montaigne expressed 
it, involve the judge in a deeper condemnation than that which he pro-
nounces, could avail to hinder the instruments of torture from being 
exhibited to the aged Catharine, their uses explained to her, and their 
application threatened if her obstinate silence could not be otherwise 
overcome. But nothing could shake her constancy; she declared her-
self ready to suffer everything, and her lofty and resigned bearing saved 
her finally from the punishment, but not from the disgrace, 'Yhich of 
course was reflected painfully on her son. 
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During these times of trouble and disorder all Germany, agitated, as 
it were, by a violent storm, seemed little else than a theater for the evo-
lution of armies ancl the calamities which accompany them. One of the 
most terrible contests which history records, the war of thirty years, 
spread desolation and the contagion of deadly maladies through all the 
provinces. In this cruel extremity Kepler, who to assist his mother had 
renounced the functions of professor, was plunged in an ever-increasing 
destitution, against which his ardent spirit struggled without respite. 
But a last affliction was in reserve for him: be lost a daughter of the 
age of seventeen years. It was now that, bearing up against these dis-
tresses, he sought refuge in those serene regions into which the troubles 
of earth do not penetrate, and, casting aside the importunate buruen of 
obligatory or "lucrative labors, uevoted all his thoughts to the composi-
tion of a work which, as he tells us, yielded him more pleasure than all 
its readers together could experience in its perusal. Those infinite 
spaces which surround us, whose. eternal silence dismayed the sceptical 
reason of Pascal, possessed, in the lwrmonions diversity of movements 
which they accomplish, an inexhaustible attraction for the mystical im-
agination of Kepler; anu as he thought that he had long heard in the 
depth of his soul the perpetual chorus of the mysterious voices of nature, 
he cndeaYored to give it utterance in the strange work entitle<l, ''Bar-
monices mundi, libri quinq'lf.e," Five books of the harmony of the world. 
He first studies, geometrically, many regular figures, and the analyt-
ical views to which he is led would have snfficcd, as one of our most 
distingnished colleagues has said, to preserve the work from oblivion. 
IIe reduces his problem to an equation, and interprets with exactness all 
its solutions. This, anu nothing more, is regarded as within the scope 
of science at the present da~y; but such a result does not satisfy Kepler. 
"It is prov:ed," he says, "that the sides of regular polygons must ne-
cessarily remain unknown, bei]Jg, from their nature, undiscoverable. 
Nor is there anything surprising in the fact that what occurs in the arch-
etype of the world cannot be expressed in the conformation of its parts." 
Proceeding afterward to the consideration of human music, and recalling 
the idea of Pythagoras, who, we are told, compared the vlauets to the 
seven chords of the lyre, he aims to show how man, imitating the Cre-
ator, by a natural instinct is led, as regards the notes of his voiee, to 
make the same choice and observe the same proportion which God has 
seen fit to introduce into the general harmony of the celestial move-
ments; the same thought of the Creator being thus translated into all 
his designs, of which one may serve as the interpreter and figure for 
another. 
Seeking harmonies wherever they are possible, Kepler devotes a 
chapter to politics: ''Cyrus," he says, "having seen in childhood a man 
of tall stature clothed in short tunic, and near him a dwarf habited in a 
long and flowing robe, was of opinion that they should exchange gar-
ments in order that each might haYe what suited his size; but his 
master pronounceu that each should be left in possession of what be-
longed to him. The two opinions might be reconciled by decreeiug that 
the first should, after the exchange, give to the dwarf a certain sum of 
money. Every one," adds Kepler, "clearly sees by this example that a 
geometric proportion may be harmonic, such is 1, 2, 4, or the beneficial 
arrangement which gives to the tallest the longest robe. An arithmet-
ical proportion may also be harmonic: snch is 2, 3, 4, or the useful ex-
change which allows not the dwarf, possessing a long robe, to lose his 
property, but enables him to change it into money which he may apply 
to a better purpose." 
108 LIFE AND WORKS 01'' l{EPLER. 
This passage, which I translate as closely as possible, and I need not 
say· \Yithout well comprehending its meaning, will suffice, I think, to 
give an idea of the chapter on politics. The last chapter of the work is 
oecupied in determining precisely the nature of the planetary concords. 
Saturn and .T up iter constitute the bass, Niars the tenor, Venus the con-
tralto, and Mercury the falsetto. 
These obscure and chimerical ideas, in which the mind of Kepler 
wearies and loses itself, seem the profitless and vain amusement of an 
imagination released from the control of reason; we read on with sad-
ness, without. venturing to sound the mysterious depths of that great 
intellect led, by an inspiration without light, into the pure domain of 
phantasy. But in the last pages of the book the genius of the inspired 
dreamer awakens of a sudden to dictate to him those bold and august 
expressions which have become not less immortal than the discovery 
which they herald: 
"Eight months since," he says, ''I had a glimpse of tbe first ray of 
ligllt; six months since I saw the dawn; a few days ago only did the 
sun arise in its transcendent glory. I gi-ve myself up to my enthusiasm, 
and venture to brave my fellow-mortals by the ingenuous avowal tllat 
I have stolen the golden Yessel~ of the Egyptians in order to raise a 
tabernacle to my God far from the confines of Egypt. _If I am par-
doned I shall rejoice at it; if it is made a reproach to me I shall bear 
it; the die is cast. I "'Tite my book; whether it be rea<l by the present 
age or by posterity imports little; it may well await a reader; has not 
Go<l waited six thousand vears for an observer of his works "?" 
Then, recurring to the })recise language of science, he announces the 
celebrated law which, binuing together all the elements of our system, 
connects the greater axes of the planetary orbits with the time of their 
revolutions. Nothing can be more unexpected than this vivid light, 
which seems to spring out of chaos; thB astonished reader asks himself 
how it is that these precise rules and mathematieal proportions appear 
all of a sudden in a world which Kepler seems to have been traversing 
as in a dream; how such abrupt clearness succeeds such profound ob-
scurity, such pure melody the uncertain harmonies which precede it. 
There is notl.Jing to-day to inform us. Kepler announces his law; verifies 
i.t, without communicating to us, as was his wont, the history of· his 
ideas; and then, transported with the full and entire possession of one 
of the secrets longest aud most ardently sought, he breaks forth into 
raptures of thanksgiving, and, not content with the common language 
of humanity, borrows the majestic symphonies of the Psalmist: "The 
wisdom of the Lord is infinite, so also are His glory and His power. Ye 
heavens, sing His praises! Sun, moon, and planets, glorify Him in your 
ineffable language! Uelestial harmonies, and all ye who comprehend 
His marvelous works, praise Him! And thou, my soul, praise thy Cre-
ator! It is by Him and in Him that all exists. That which we know not 
is comprised in Him, as well as our vain science. To Him be praise, 
honor, and glory throughout eternity!" 
And. in a note not less animated, and more touching, perhaps, than 
the text, he adds: "Glory also to my old master, Mmstlin!" 
The Emperor Ml}tthias was dead. His successor was his nephew 
Ferdinand, of Austria, whose pious energy, intent on extirpating the 
Protestant worship in Styria, had, twenty years before, troubled the life 
of Kepler. His zeal had not relaxed, and the perseeution was rekindled 
with inereasing violence: "Whither shall I betake myseln" writes 
Kepler to a friend. ''Should I -seek a province already devastated, or 
one of those which will not fail soon to be so~" He ht'l!d fortunately 
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preserved his friendly relations with the most distinguh;hecl of tl1e 
Jesuits, and, as their influence over the mind of Ferdinand was un-
bounded, they managed, ·when \Vallenstein was named duke of Fried-
land, to have an article introduced into the decree which might secure 
Kepler's safety by attaching him to tlle duke's service; it was also stip-
ulated that the arrears of his salary as imperial astronomer should be 
paid out of the revenues of the duclly. But uew difficulties soon arose: 
tlle gentle-spirited and affectionate Kepler, separated from his wife and 
cllildren, could not become reconciled to the tumult and disonler of the 
camps. Little fitted for the calling of a courtier, he was detieient iu 
the assiduity and pliaucy necessary to win the favor of a hnughty an<l 
imperious master, whose protection was bn.t a disguisecl srrYitmle. 
""\Vnllenstein, seeing with extreme impatience the little faith rrposed in 
the language of the stars by him whom be considered a~ llis astrologer, 
did not long defer the dismissal of Kepler, replacing him by the Vene-
tian, Seni, whose delusive and accommodating science flattered, to the 
last, the presumptuous ambition of a soldier who, as Schiller says, 
"conld scarcely tolerate tllat his will was not autlloritative even in the 
skies." 
Kepler feared not, in his weakness, to dare the resentment of the all-
powerful man who had imposed bis laws on the Emperor himself; he 
demanded with pertinacity the payment of the sum stipulated in the 
imperial decree; but his strength 'Yas exhausted. in vain in the numerous 
journeys rendered necessary by the prosecution of his claim, and be 
died at Ratisbon, in 1G20, at the a~e of 1ift~-eigbt years. 
By the union of the most opposite qualities, Kepler occupies in the 
history of science an altogether exceptional place. By eYincing, from 
his first steps in the study of astronomy, the presumptuous hope of 
deeipheriug the enigma of natnre, and of eleYating himself by pure 
reasoning to a knowledge of the rnsthetic views of tbe UrPator, he 
seemed at first to wander with an insensate audacity, and without find-
ing soundings or shore, over that vast and agitated ocean where Des-
cartes, pursuing the same object, was destined soon to lose himself 
beyond retrieval; but, in the ardent and sincere aspirations of his soul 
toward truth, if the curiosity of Kepler disquiets and impels him, it 
never delivers him over to t.he blindness of self-conceit. Regarding as 
certain only what had been demonstrated, he was always ready to cor-
rect his determinations by the sacrifice of his most cherished discoveries 
as soon as a severe and laborious examination refused to confirm them; 
but what sublime emotions, what utterances of enthusiasm and exulta-
tion, when success has justified. his temerity, and. by persistent efforts 
he bas attained his end.! The noble priue which eleYates and sometimes 
inflates his languag·e has nothing in common with the vain-glorious 
satisfaction of a vulgar discoverer. Confident and um·ing when he is 
seeking, Kepler becomes modest and simple when what be seeks it:; 
found, and, in the transports of t.riumph, it is to God alone that he 
ascribes the praise. His soul, equally comprehenshTe an(l exalted, was 
without ambition as without vanity; he coveted neither the honors nor 
applause of men; affecting no superiority over the cultinttors of sci-
ence, obscure as they now are, to whom his correspondence is addressed, 
he never ceases to express the same respectful deference for the aged. 
l\frestlin, whose sole glory in our eyes is that of having formed such a 
disciple. When, after having mastered his greatest discoveries, it be-
came necessary for him to descend. every day from the most exalted 
contemplations to struggle with the vulg·ar necessities of life, he never 
complained at seeing his merit overlooked or disputed, and always 
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accepted unaffecteuly, without murmuring or rPpining, the labors and 
employments, whateYer they might be, which would aid him in the 
sustenance of his family. 
The laws of Kepler are the solid and impregnable foundation of mouern 
astronomy, the immutable and eternal rule of the displacement of the 
heavenly bodies in space; no other discovery, perhaps, has better justi-
fied the words of the sage: He who increases knowledge increases labor; 
no other has given birth to more numerous researches and greater dis, 
coveries; Lmt the long and laborious route which led to it is known but 
to the few. Noue of the numerous writings of Kepler are regarded as 
classical; his renown alone will be immortal; it is written in the heav-
ens; the progress of science can neither diminish nor obscure it, and 
the planets, by the always constant succession of their regular move-
ments, will pro9laim it from age to age. 
[NOTE.-Nothing is wanting to the completeness of the above memoir; but, having 
been addressed in the first instance to an assemblage of men of science, the learned 
author has probalJly thought it superilnons to give so distinct ttl1<1 formal a statement 
of the three laws, as they are called, of Kepler, (Regulm Kepleri,) as it may be convenient 
for the general reader to have beneath his eye. For this reason, the following brief 
eXJ>osition of those celebrated astronomical axioms is here transcribed from the Ency:-
clopedia Americana.-TR. 
''The first of these laws is that the planets do not move, as Copernicus had imagined, 
in circles, but in ellipses, of which the sun is in one of the foci. For this, Kepler was 
indebted to the observa,tions which Tycho had made on the planet Mars, whose eccen-
tricity is considerable, and agrees particularly with the rule; in determining which 
Kepler went through an indescribably laborious analysis. The second law is, that an 
imaginary straight line from the sun to the' planets, mdius vecto1·, always describes 
equal sectors in equal times. By t.his rule Kepler calculated his tables, imagining the 
whole plane of revolution divided into a number of such sectors, and, from this, he 
investigated their respective angles at the sun. This was called Kepler's problem. The 
third law teaches that, in the motion of the pbnets, the squares of the times of revo-
lution are as the cubes of the mean distances from the sun; one instance of the appli-
cation of which la,w, in the want of other means, is in the determination of the distance 
of the planet Herschel from the sun, it having been ascertained that its time of revolu-
tion amounts to a little more than eighty-two years." 
EULOGY ON TI-I0l\1AS YOUNG. 
BY M. ARAGO. 
READ AT A PUBLIC SITTING OF THE ACADEMY OF SCIENCES, NOVEMBER 
26, 18:~2. 
[The previous eulogies which have l)een published in the appendix to the Smithsonian 
report, have been translated for the Institution from the original French. The follow-
ing eulogy, however, is reprinted from a transh1tion by the 1:tte Baden Powell, pro-
fessor of natural philosophy iu the university of Oxford.-J. II.] 
GEN1'LEl\1EN: It seems as if death, who is incessantly thinning our 
ranks, directed his stroke with a fatal predilection against that class of 
onr body, so limited in number, our foreign associates. In a short space 
of time the .Academy bas lost, from the lists of its rnem bers, llerschel, 
wlwse bold ideas on the structure of the universe have acquired every 
year more of probability; Piazzi, who, on the first da.y of the present 
century, presented our solar system with a new planet; Watt, who, if 
not the inventor of the steam-engine, the inventor lla\'ing been a 
Frenchman,* was at least the creator of so many ndmirable con-
trivances by the aiel of wbich the little instrument of Papin has become 
the most ingenious, the most useful, the most powerful means of apply-
ing industry; Volta, who has been immortalized by his electric pile; 
Da\'"y, equally celebrated for the decomposition of the alkalies and for 
the invaluable safety-lamp of the miner; VVollaston, whom the English 
called the Pope, because he never proved fnllible in any of his numerous 
experiments, or of his subtile theoretical speculations; Jenner, lastly, 
whose discovery I have no neeu to extol in the presence of fhthers of 
families. To pay to sueh of its distinguished ornaments the legitimate 
tribute of the regret, of the admiration, mHl of the gratitude of all 
men devoted to study, is one of the principal duties which the Academy 
imposes on those whom it invests with the re~ponsible honor of speak-
ing in its name in these solemn meetings. To pay this grand debt, with 
the least possible delay, seems an obligation not less imperative. Gen-
tlemen, the native .Academician always leaves behind him, among the 
colleagues with whom he has been uniteu by the election of the .Acauemy, 
many confidants of his secret thoughts, of the origin and conrse of his 
researches, of the vicissitudes which he bas gone through. The foreign 
associate, on the contrary, re:sides far away fi'om us; he rarely joins in 
our meetings; we know nothing of his life, bis babits, his character, 
unless from the reports of travelers. \Vhcn several years have passed 
over such fugitive uocuments, if we still find any traces of them, we 
cannot reckon on their accuracy. Literary intelligence whirh has not 
found a record in print is a sort of coin the circulation of which alters 
*This is not th~ place to enter on the controversy respecting tho invention of the 
steam-engine. It may, however, be remarked that we may be well content to allow it 
to remain a question of degree. Every tea-kettLe is a steam-engine. A very slight and 
obvious colltrivance will enable steam to raise a piston. Let any one define what he 
means precisely by tho term steam-engine, and the question of priority of invention 
will be easily settled.-TnA;:sSLATOn. 
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at the same time the impression, the weight, and the im;cription. 
These reilections tend to show why the names of such men as Herschel, 
Davy, or Volta ought to be mentioned in our assemblies before those 
of many celebrated Academicians wllom death has snatched from our 
more immediate circle. Moreover, I hope that after what I shall be 
able to adduce, even in a few minutes, no one will be able to deny that 
the man of universal science, whose life I am about to describe, aml 
whose lal>Ors I shall analyze, has some real claims to preference. 
BIR1'll OF YOUNG-HIS ClliLDllOOD-FIRST ENTRANCE ON lliS SCIEN· 
TIFIO CAREER. 
Thomas Young was born at J\filverton, in the county of Somerset, 
June 13, 1773, of parents who belonged to the Society of Friends. lie 
passed his earliest years at the house of his mater11al grandfather,. Mr. 
Uol>ert DaYies, of l\linebead, whom the acthTe busines::; of commerce 
bad not been able to divert from the cultivation of classical literature. 
Young could read fluently at the age of two years. His memory was 
extraordinary. In the interyals of his attendance at the house of a 
village schoolmistress in the neighborhood of l\1inehead, at four years 
old, he bad learned by heart a number of English authors, and even 
several Latin poems, which he could repeat from beginning to end, al-
though he did not understand a word of the language. The example 
of Young~ like many others of celebrity recorded by biographers, may, 
then, contribute to keep up the common prepossession of so many good 
fathers of families, who see in certain lessons, acconling as they may l>e 
recited without faults on the one hand, or are ba<lly learned on the 
other, infallible indications of an eternal mediocrity in the one case, or 
the beginning of a glorious career in the other. It would, indeed, be 
far from our object if these historical notices should tend to strengthen 
such prejudices. Thus, without wishing to weaken the vivid and pure 
emotions which every year the distribution of prizes excites, \Ve may 
remind some, iu order that they may not abandon themsehres to dreams 
which they will not realize, m1d others, in order to fortify them against 
discouragement, that Picas de 1\Iirandola, the phenix of learners of all 
ages and eountries, became in mature age an insignificant writer; that 
Newton, that powerful intellect of whom Voltaire in some well-known 
lines asks the angels whether they are not jealous-the great Newton, 
we observe, made but im.lifl'erent progress in tl1e classes of his school; 
that study had for him no attractions; that the first time he felt the 
wiRh to labor, it was merely to take the place of a turbulent sehool-
fellow who, by reason of his rank in the school, was seated on a form above 
him and annoyed him by kicks; that at the age of twenty-two he was 
a candidate for a fellowship at Oaml>ridge, and was beaten by one l~obert 
Uve<lale, whose name but for this circumstance would have remained 
to this day perfectly unknown; that Foutenelle, lastly, was more inge-
nious than exact when he applied to Newton the words of Lucan, ''It is 
not given to men to see the Nile feeble and at its source." 
At the age of six years Young entered under a teacher at Bristol,* 
whose mediocrity was a fortunate circumstance for him. This, gentle-
men, is 110 paradox; the pupil, not being able to accommodate himself to 
the slow and limited steps which his master took, became his own in-
structor. It is thus that those brilliant qualities developed themselves 
which too much aiel would certainly have enervated. 
*The master, whose name was King, at first kept school at Stapleton, and thence 
removed to Townend, both near Bristol. Young's acqnaintance with the surveyor 
commenced aftGr he quitted that school. (See Pe:'l.cock's Lifo, p. 5.)-THAXSLATOR. 
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Young was only eight years of age when chance, whose influence in 
the events of man's life is more considerable than our vanity often allows 
us to admit, took him from stuuies exclusively literary and revealed his 
real vocation. A surveyor of much merit in the neighborhood took a 
great fancy for him; he took him out into the countr}r sometimes on 
holidays, and permitted him to amuse himself with his instruments of 
surveying and natural philosophy. The operations by whose aid the 
young scholar saw the distances and elevations of inaccessible objects de-
termined powerfully struck his imagination ; but soon several chap-
ters of a mathematical dictionary made all that seemed mysterious in 
the matter disappear. From this moment, in his Bolyday excursions, 
the quadrant took the place of the kite. In the evening, by way of 
amusement, the engineering novice calculated the heights measured 
in the morning. 
From the age of nine to fourteen Young went to a school at Compton, 
in Dorsetshire, lrept by Mr. Thomson, whose memory he always cher-
ished. During these five years all the pupils of the school were occupied 
exclusively, according to the practice of English schools, in a minute 
study of the principal writers of Greece and Rome.* Young continually 
maintained his place at the head of his class, and yet he learned at the 
same time French, Italian, Hebrew, Persian, and Arabic; I1"'rcnch and 
Italian, from the thance object of satisfying the curiosity of a school-
fellow, who possessed some works printed at Paris, of which he was 
desirous to know the contents; Hebrew, in order to read the Old Testa-
ment in the original; Persian and Arabic, with the view of deciding a 
question started at table, whether there were as marked differences 
between the Oriental languages as between those of Europe .. 
I perceive the necessity of mentioning that I write from authentic 
documents before I add that, during ·what might appear so fabulous a 
progress in languages, Young, during -his walks at Compton, was seized 
with a violent passion for botany; and that being destitute of the 
means of magnifying objects of which naturalists make use when they 
wish to examine the delicate parts of plants, he undertook to construct 
a microscope himself, without any other guide than a description of the 
instrument in a work by Benjamin Martin; that to arrive at this diffi-
·cult result it was necessary to acquire some skill in the art of turning; 
that the algebraic formulas of the optician having presented to him 
symbols of which he had no idea, (those of fluxions,) he was for a mo-
. ment in great perplexity; but not being willing at last to give up the 
enlargement of his pistils and stamens, he found it more simple to learn 
the differential calculus, in order to comprehend the unlucky formula, 
than to send to the neighboring town to buy a microscope. The ardent 
activity of the juYenile Young had led him to exertions beyond the 
strength of his constitution. At the age of fourteen his health was 
sadly alteTed. Various indications excited fears of a disease of the 
lungs; but these menacing symptoms at length yield.ed to the prescrip-
tions of art, and the anxious cares of which this malady made him the 
object on the part of all his relations. 
It is rare among our neighbors on the other side of the Channelt that 
*It would appear from Young's own account that a far more liberal system was 
really pursued in this school. Also, the praises of the usher, Josiah Jeffery, should 
never be omitted, who initiated Young at leisure hours into a variety of experimental 
and pmctical subjects, which contributed materially to his future success. (See Pea-
cock's Life, p. 6.)-TRANSLATOR. 
t The reader will of course make due allowance in this and many other passages for 
the ideas of a foreigner as to English habits. The anecdote of Young's penmanship 
which follows is differently given by Dr. Peacock, p. 12.-TRANSLATOR. 
8s 
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a rich person, intrusting his son to the care of a private instructor, does 
not seek for him a fellow-pupil of the same age among those who have 
been remarlmble for their success. It was in this capacity that Young 
became, iu 1787, the fellow-pupil of the grandson of J\1:r. Davi'l Barcla.y, 
of Youn-g;slmry, in Hertfordshire. On the day of his first appearance 
there Mr. Barclay, who doubtless felt the right of showing himself some-
what exacting wit4 a scholar of fourteen years of' age, gave him several 
phrases to copy, with the view of ascertaining his skill in penmanship. 
Young, perhaps somewhat humiliated by this kind of trial, demanded, 
in order to satisfy him, permission. to retire to another room; this ab-
sence being prolonged beyond the time which the transcription would 
have required, Mr. Barclay beg~an to joke on the want of dexterity he 
must evince, when at length he reentered the room. The copy was 
remarkably beautiful; no writing-master could have executed it better . 
.As to the <lelay, there was no longer any need to speak of it, for ''the 
little Quaker,"* as Mr. Barclay called him, had not been content to tran-
scribe the English phrases set llim; he had also transhtted them into 
nine different languages. · 
The preceptor, or, as they call him on the other side of the Channel, 
the tutor, wllo bad to direct the two scholars at Youngsbury, was a young 
man of mncll distinction, at that time entirely occupied in perfecting 
himself in the knowledge of the ancient languages. He was the future 
authort of Calligraphict Grceca. He was not long, however, in perceiv-
ing the immense superiority of one of his pupils, and he recog11ized, 
with praiseworthy modesty, that in their common studies the true ttttor 
was not always he who bore that title. At this period Young drew up, 
continually referring to the original sources, a detailed analysis of tlle 
numerous systems of philosophy which were professed in the different 
schools of Greece.t His friends spoke of this work with the most lively 
admiration. I know not whether the public is destine<l ever to see it . 
.At all events, it was not without influence on the life of its author; for, 
in giving himself up to an attentive and minute examinatio;1 of the sin-
gularities (to use a mild term) with. which the conceptions of the Greek 
philosophers teemed, Young perceived that the attachment which here-
tained to the principles of the sect in which he was born became weakened. · 
However, he di<l not separate entirely from it till some years afterward, 
during his sojourn in Edinburgh. 
The little studious colony at Yonngsbury quitted the country during 
some monthR in the winter, to reside in London. During one of these 
excursions Young met with a teacher worthy of him. He was initiated 
into chemistry lJy Dr. Higgins,§ whose name I can the less dispense with 
mentioning, Riuce, in spite of his earnest and frequent remonstrances, 
there 'vas an obstinate disinclination to acknowledge the share which 
legitimately belonged to him in the establishment of the theory of defi-
nite proportions, one of the most valuable discoveries of modern ehem-
istry. 
Dr. Brocklesby, the maternal uncle of Young, one of the most popu-
lar physicians in London at the time, justly confident of the distinguished 
success of the young scholar, communicated occasionally his productions 
to men of science and literature, and to men of the world, who~e appro-
"This seems improbable, as Mr. Barclay's family were of the same sect.-TRANSLATOR. 
t :Mr. Hodgkin. 
t This work is not mentioned by Dr. Peacock.-THANSLATOR. 
§The share lJorne by Dr. Higgius in the suggestion or discovery of the atomic theory 
has been variously estimated. For an apparently perfectly fair view of the c~t.se, the 
reader is referred to Dr. Daubeny's Atomic 'l'heory, p. 33.-TRANSLATOR. 
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bation might have greatly flattered his vanity. Young thus found him-
self at an early period in personal relation with those celebrated men, 
Burke and \Vyndham of the House of Commons, and the Duke of Rich-
mond. The last nobleman, then master of the orduance, offered him 
the place of private secretary. The two other statesmen, althongh they 
wished him also to follow a career connected with the public adminis-
tration, yet advise<l him first to go through a eourse of law at Cam-
bridge::« With such powerful patrons, Young might reckon on one of 
tho:se lucrative offices which peesons in power are not slow to bestow on 
those who will spare them all study and application, and daily furnish 
them with the means of shining at the court, the council, the senate, with-
out compromising their vanity by committing any indiscretion. Young, 
hq>pily, had a consciousness of his powers; he perceived in himself the 
germ of those brilliant discoyeries which have since adorned his name; 
be preferred the laborious but independent career of the man of letters 
to the golden chains which they exllibited so temptingly to his eyes. 
Honor be to him for such a determination! 1\fay his example serve as a 
lesson to so many young men whom political ambition diverts from a 
more noble vocation to transform themselves into mere officials, but who 
might learn, like Young, to turn their eyes to the future, and not sacri-
fice to the futile and transitory satisfaction of being surrounde(l by per-
sons soliciting favors the solid testimouies of esteem and gratitude which 
the public rarely fails to offer to intellrctuallabors of a high order; and 
if it happen in the illusions of inexperience that they should think too 
heavy a ::;acrifice imposed on them, we ·would ask them to take a lesson 
of ambition -from the mouth of a great captain, whose ambition knew no 
bomHh.;; to meditate on the words which the First Consul, the victor of 
l\'Iarengo, addressed to onr. of our most honored colleagues (1\I. Lemer-
cier) on the da.v when be, quite in accordance with his character, had 
just refused a place then of great importance, that of councilor of state: 
"I understand, sir, you love literature, and you wish to belong- alto-
gether to it. I have nothing to oppose to this resolution. Yes; I, my-
~Jelf, if I had not become a general-in-ehief and the instrument of the 
fate of a great nation, do yon think I woul<lllave gone through the offices 
and the salons to put myself in dependence on whoever might happen 
to be in power in the position of minister or ambassador~ No! no! I 
would have taken to tile exact sciences. I would have made my way in 
the path of Galileo and Newton; and, since I have succeeded constantly 
in my great enterprises, truly I should have been equally distinguislled 
by my scientific labors. I sllould have left behind me the remembrance 
of great discoveries. No other kind of glory would have tempted my 
ambition." 
Young made choice of the profession of medicine, in which he hoped 
to find fortune and independence. His medical studies were commrnced 
in London under Baillie and Oruiksllank. He continued them at 
Edinlmrgh, where at that time Drs. Black, J\Innroe, and Gregory were 
in the height of their celebrity. It. 'Yas only at Gottingen in the fol-
lowing year (1795) that he took the degree of doctor.t Before going 
* "l\Ir. ·wyndham advised him not to accept the appointment, and recommended 
him rather to proceed to Cambridge and study the lu,w." (Peacock's Life, p. 45.)-
TRANSLATOR. · 
t The author has omitted that, in 1797, Young entered as a fellow-commoner at 
.Emanuel College, Cambridge, and in due time graduated. there regularly in medicine, 
a step at that time necessm·y for his admission to the College of Physicians, in order to 
enable him to practice as a physician in London. (See Peacock'!:! Life, p. ll!l.) In the 
university he was famHiarly known by the name of "Phenomenon Youug."-TIUNS-
J ... ATOR. 
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through this form, so empty, yet always so imperatively exacted, Young, 
hardly beyond the period of youth, had become known to the scientific 
world by a note relative to the gum ladanum; by the controversy which 
he sustained against Dr. Beddoes on the subject of Crawford's theory 
of heat; by a memoir on the habits of spiders, and the theory of Fabri-
cius, the whole enriched with erudite researches; and, lastly, by an in-
quiry, on which I will enlarge on account of its great merit, the unusual 
fa\Tor with which it was received at its first production, and the neglect 
into which it has since fallen. 
'..rhe Royal Society of London enjoys throughout the whole kingdom 
a vast and deserved consideration. The Philosophical Transactions 
which it publishes have been for more than a century and a half the 
glorious archives in whieh Briti::::.h genius holds it an honor to deposit 
its titles to U10 recognition of posterity. The wish to see his name in-
scribed in the list of fellow-laborers in this truly national collection be-
side the names of Nmvton, Bradley, Priestley, and Cavendish, has 
always been among the students of the celebrated universities of Cam-
bridge, Oxford, Edinburgh, and Dublin* the most anxious as well as 
legitimate object of emulation. Here is always the highest point of 
ambition of the man of science; he does not aspire to it unless on oc-
casion of some capital investigation; and the first attempts of his youth 
came before the public by a channel better suited to their importance, by 
the aid of one of those numerous periodicals which, among our neighbors, 
have contributed so much to the progress of human knowledge. Such 
is the ordinary course; such, consequently, ought not to have been the 
course followed by Young. At the age of twenty be addressed a paper 
to the Royal Society. The council, ·composed of the most eminent 
men of the society, honored this p~tper with their suffrage, and it soon 
after appeared in the Philosophical Transactions. The author treated in 
it of the subject of vision. 
THEORY OF VISION. 
The problem was anything but new. Plato and his disciples, four cen-
turies before our era, were occupied with it; but at the present day their · 
conceptions can hardly be cited but to justify the celebrated and little 
flattering sentence of Cicero: "There is nothing so absurd that it has 
not been said 1by some of the philosophers." 
After passing over an interval of two thousand years7 we must from 
Greece transport ourselves to Italy, if we should find any ideas on the 
wonderful subject of vision which merit the remembrance of the histo-
rian, where, without having ever, like the philosopher of .l.Egina, 
prou<lly closed their sclwol against all who were not geometers, careful 
experimenters marked out the sole route by which it is permitted to 
man to arrive without false steps at the conquest of unknown regions of 
truth; there l\iaurolycus and Porta proclaimed to their contemporaries 
thnt the problem of discovering tvhctt is presents sufficient difficulties to 
render it at least somewhat presumptuous to cast ourselves upmi the 
'World of intelligences to search after what ought to be j there these two 
celebrated fellow-countrymen of Archimedes commenced the explana 
tion of the functions of the different media of which the eye is com-
posed, and showed themselyes contented, as were at a later period 
Galileo and Newto'Q, not to ascend above those kinds of knowledge 
which are capable of being elaborated or corrected by the aid of our 
*And, it might be aclclccl, probably to a far more numerous class not of those bodies.-
TRANSLATOR. 
. ' 
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senses, and which have been stigmatized under the porticoes of the 
Academy by the contemptuous epithet of simple opinion. Such is 
always human weakness that, after having followed with a rare success 
tlle vrincipal deviations which ligllt undergoes in passiug through the 
cornea and the crystalline, l\laurolycus and Porta, when very near attain-
ing their object, stopped short, as if before an insurmountable difficulty, 
when it was objected to their theory that objects ought to appear in an 
inverted position if the images fOl'!fled in the eye arc themselyes in-
Yerted. The adventurous spirit of Kepler, on the contrary, did notre-
main embarrassed. It was from psychology that tlle attack originated; 
it was equally from psychology, clear, precise, and mathematical, that he 
O\'"erthrew the objection. Under the powerful hand of this great man 
the eye became, definitiYely, the simple optical apparatus known by the 
name of the cmnerc~-obscura; the retina is the ground of the picture, 
the crystalline replaces the glass lens.* 
Thi~:; assimilatio!11 generally adopted since Kepler's time, remains open 
only to one difficulty; the camera-obscura, like an or<linary telescope, re-
quires to be brought to a proper focus, according to the distance of ob-
jects. vVhen ohjects are near, it is indispensable to increase tlle distance 
of the picture from the lens; a contrary movement becomes necessary 
as they become more distant. To preserve to the images all the dis-
tinctness which is desirable, without changing the position of the sur-
face wbich receiveR them, is therefore impossible; at least, alwnys sup-
posing the curvature of the lens to remain invariable, that it cannot 
increase when we look at uear objects, or diminish for distant objects. 
Amoug the different moues of obtaining distinct images, nature has 
assuredly made a choice, since man can see with great <listinctness at 
very d(O'erent distances. The question thus put has afforded a wide 
subject of remark and discussion to physicists, and great names have 
figured iu the debate. Kepler and Descartes held that the whole ball 
of the eye is susceptible of being elongated and flattened. Porter-
field and Zinn contended that the crystalline lens was movable, and that 
it could place itself nearer to or further from the retina, as might be 
needed. J urin and Musschenbrreck believed in a change in the curva-
ture of the cornea. Sauvages and Bourdelot supposed also that a 
change in curvature took place, but only in the crystalline lens. Such 
is also the system of Young. Two memoirs, which our colleague suc-
cessi ,·ely submitted to the Royal Society of London, include the com-
plete development of his views. 
In the first of these the question is treated almost entirely in an 
anatomical point of view. Youug there demonstrates, by the aid of 
direct observations of a very delicate kind, that the crystalline is en-
dowed with a fibrous or muscular constitution, admirably adapted to 
all sorts of changes of form. This discovery overthrew the only solid 
objection which bad, till then, opposed the hypothesis of Sau-vages and 
Bourdelot. That hypothesis had no sooner been announced than it had 
been attacked by Hunter. Thus this celebrated anatomist aided the 
cause of the young experimenter by the attention drawn to the subject, 
* 'l'he author seems to have left this illustration incomplete. Kepler's suggestion of 
the identity of the eye with the camera-obscura., after all, does not touch the difficulty 
of the inrersion of the image. Nor has it been considered as completely cleared up even 
till much later times. The solution which, it is believed, is now most generally as-
sented to is this : It is a law of our constitution, dependent on some physiological 
principle unknown, that we refer impressions on the retina to objects existing, or be-
lieved to exist, in the rect.ilint>ar direction .front which the impression comes to the retina. 
Consequently, as rays cross at the pnpil, falling on the 11pper part of the retina a ray 
suggests an object Jyjug below, or an inverted inwge suggests au erect object. 
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while his labors were as yet unpublished, and not even communicated 
to any one. However, this point of the discussion soon lost its impor-
tance. The learned Lenwenhoek, armed with Lis powerful microscopes, 
traced out and gave figures of the muscular fibres in all their ramifica-
tions in the crystalline of a fish. To awaken the attention of the 
scientific world, tired with these long debates.·, nothing less was neces-
sary than the high renown of the tw,o new members of the Royal 
Society who entered the lists-one a celebrated anatomist; the other 
the most eminent instrument-maker of whom England could boast. 
These jointly presented to the Royal Society a memoir, the fruit of their 
combined .labors, intended to establish the complete unalterability of 
the form of the crystalline. The scientific world was not prepared to 
admit that Sir Everard Home and Ramsden togetller could possibly 
make inaccurate experiments, or be deceived in micrometrical measure-
ments. Young himself could not believe it, and in consequence he did 
not hesitate publicly to renounce his theory. This readiness to own 
himself vanquished, so rare in a young man of twenty-five, and 
especially on the occasion of a first puulication, was, in this instance, 
an act of modesty without example. Young, however, bad really 
nothing to retract. In 1800, after having withdrawn his former dis-
avowa1, our colleague developed anew the theory of the change of form 
of the crystalline in a memoir against which, fi'om that time, no serious 
objection has been brought. 
Nothing could be more simple than his line of argument; nothing 
more ingenious than his experiments. Young, in the first instance, got 
rid of the hypothesis of a change of curvature in the cornea by the aid 
of microscopic observations, which were of a kind to render the most 
minute variations appreciable. vVe can say more: he placed the eye in 
special conditions where clJanges of curvature in the cornea would have 
been without effect ; he plunged the eye in water, and pt'oved that there 
was still the same faculty of seeing at different distances preserved. 
The second of three possible suppositions, that of an alteration in the 
dimensions of the whole organ, was again overthrown by a multitude 
of objections and of experiments which it was difficult to resist. 
The problem thus seemed finally settled. Who does not see, in fact, 
that if, of three only possible solutions, two are put out of the question 
the third is necessarily established ; that if the radius of curvature of 
the cornea and the longitudinal diameter of the whole eye are invariable, 
it must follow that the form of the crystalline js invariable~ Young, 
however, did not stop there; he proved directly, by the minute phe-
nomena of the changes in t.he images, that the crystalline really changes 
its curvature; he i1nTented, or at least gave perfection to, an instrument 
susceptible of being employed even by the least intelligent persons, and 
those least accustomed to delicate experiments, and armed with this 
new means of investigation, he assured himself that those individuals 
in whose e;yes the crystalline has been removed in the operation for 
cataract did not enjoy the faculty of seeing equally distinctly at a,ll dis-
tances.* 
* This instrument, called an "optometer," was originally proposed by Dr. Porterfield, 
and consists of a simple and ingenious contrivance for ascertaining the focn.llength of 
the eye, wllich varies so greatly in different individuals, and often in two eyes of the 
same person, and in the same eye under different conditions. Dr. Youug greatly im-
proved upon the original construction. It will be found described in the Lectures on 
Naturn,l Philosophy, vol. ii, p. 576. The principle of it consists in measuring accurately 
the dist::mce of an object from tlle eye at which perfectly distinct vision is obtained, 
an<l which is determineil. when the object seen through two small apertures close to 
the eye presents only a single image, wllile in other positions it shows two images.-
TILI.NSLATOR. 
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We might fairly be astonished that this admirable theory of vision, 
this combination so well framed when the most ingenious reasonings 
and experiments lent each other mutual support, did not occupy that 
distinguished rank in the science of the country which it deserved. 
But to explain this anomaly, must we necessarily recur to a sort of 
fatality~ \Yas Young then really, as he sometimes described himself 
with vexation, a new Cassandra, proclaiming incessantly important 
truths \Yhich his ungrateful contemporaries refused to receive~ vVe 
should be less poetical but more true, it seems to me, if we remarked 
tllat the discoveries of Young were not known to the majority of those 
who would have been able to appreciate them. The physiologists did 
not read his able memoir, because in it be presumes upon more mathe· 
matical knowledge than is usually attained in that branch. 
The physicists neglected it in their turn, because iu oral lectures or 
printed works the -public demands little more at the present day than 
superficial notions, which au ordinary mind can penetrate without diffi-
culty. In all this, whatever our distinguished colleague may have 
believed, we perceive nothing out of the ordinary course. Like all those 
who sound the greatest depths of science, be was misunderstood by the 
multitude; lmt the applauses of some of the select few ought to have 
recompensed him. In such a question we ought not to count the suf-
frages; it is more wise to weigh them.* 
INTERFERENCES. 
The most beautiful discovery of Young, that which will render his 
name imperishable, was suggested to him by an object in appearance 
very triv'ial-by those soap-bubbles so brilliantly colored, so light, 
which when just blown out of a pipe become the sport of every imper-
"Arago, in assigning the probable causes of the neglect of Young's specnlations, 
seems to fall short of his usual point and perspicuity. It might be true that his 
memoir was neglectefl by physiologists because it was mathematical, and by pp,rity of 
reason it might have been neglected by physicists and mathematicians as being physio-
logical. But it is surely no reason to say that it was neglected by physicists becauso 
the public are superficial, &c. Young may have been in most of his speculations too 
profound for the many; but this particular instance of the strncture of the eye and 
theory of vision is, perhaps, of all his researches, that which can be the least open to 
this charge. The subject is not itself abstruse; it is one easily understood by every 
educated person, without mathematical atttainments; and the point at issue was a 
simple qnestion of fact, requiring no profound physiological knowledge to appreciate 
whether the crystalline has- or bas not a muscular structure capable of changing its 
convexit.y. The real state of the case seems to be very satisfactorily explained by 
Dean Peacock, (p. 36 ct seq.,) from whose account, as well as from what has been since 
written, it appears, after all that has been done both by Dr. Yonng and others, that 
there is even at the present day considerable difference of opinion on the subjeet. 
Perhaps tho most comprehensive survey of the whole subject which recent investi-
gation has produced will be found in the paper of Professor J. D. Forbes in the Edin-
burgh Transactions, vol. xvi, pt. i, 1845. After giving a summary view of preceding 
researches, and adverting to tho prevalent opinion among men of science that the true 
explanation yet remains to be discovered, (most anatomists denying as a fact the exist-
ence of the muscular structure which Young conceived he had proved,) Professor Forbes 
proposes as his own view of the cause the consideration of the remarkable ~·ariation in 
density. of t.h~ cr~·stalline toward its central part; coats of different density, being dis-
posed m d1fferent layers, may be acted on by the pressure of the humors of the eye 
when the external action of the muscle compresses them, and thus increase the curva-
ture of the lens when tho eye is directed to a near object, the whole consistence, espe-
cially in the outer parts, being of a gelatinous or compressible nature, and the central 
part more solid and more convex. Thus uniform pressure on the outer parts would 
tend to make the outer parts conform more nearly to the more convex interior nucleus. 
It may be added that many physiologists are of opinion that, after all, there does 
not exist a snt'ticient compressive action on the hall of the eye to produce the effect 
supposed.-TRANSLATOR. 
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ceptible current of air. Before so enlightened an audience it would, 
without doubt, be superfluous to remark that the difficulty of producing 
a phenomenon, its variety, its utility to the arts, are not the necessary 
indications of its importance in a scientific poiut of view. I have, there-
fore, to connect with a child's sport the discovery whicJl I proceed to 
analyze, with the certainty that its credit will not suffer from its origin. 
At any rate, I shall have no need to recall the apple, which, dropping 
from its stock and falling unexpectedly at the feet of Newton, developed 
the ideas of that great man respecting the simple· and comprehensive 
laws which regulate the celestial motions; nor the frog and the touch 
of the bistoury, to which physical science has recently been indebted 
for the marvelous pile of Volta. Without referring in particular to soap-
bubbles, I will suppose that a physicist has taken for the subject of ex-
periment so·me distilled ·water, that is to say, a liquid which in its state 
of purity never shows any more than some very slight shade of color, 
blue or green, hardly sensible, and that only when the light traverses 
great thicknesses. I would next ask what we should think of his vera-
city if he were to announce to us, without further explanation, that to 
this water, so limpid, he could at pleasure communicate the most 
resplendent colors; that he knew how to make it violet, blue, green ; 
then yellow like the peel of citron, or red of a scarlet tint, without 
affecting its purity, without mixing with it any foreign substance, with-
out changing the proportions of its constituent gaseous elements. 
Would not the public regard our physicist as unworthy of all belief, 
especially when, after such strange assertions, he should add, that to 
produce color in water, it suffices to reduce it to the state of a thin film; 
that "thin" is, so to speak, the synonym of "colored;'' that the passage 
of each tint into one the most different from it is the necessary conse-
quence of a simple variation of the thickness of the liquid iilm ; that 
this variation, for instance, in passing from red to green, is not the 
thousandth part of the thickness of a hair~ Yet these incredible propo-
sitions are only the Iiecessary consequences deduced from the accidental 
observation of the colors presented by soap-bubbles, and even by ex-
tremely thin films of all sorts of substances. 
To comprehend how such phenomena have, during more than two 
thousand years, daily met the eyes of philosophers vvithout exciting 
their attention, we have need to recollect to how few persons nature · 
imparts the Yaluable faculty of being astonished to any purpose. Boyle 
was the first to penetrate into this rich mine. He confined himself, 
however, to the miuute description of the varied circumstances which 
gave rise to these iridescent colors. Hooke, llis fellow-laborer, went 
further. He believed that he had discovered the cause of this kind of 
colors in the coincidences of the rays, or, to speak in his own language, 
in the mutual action ou each other of the waves reflected by the two 
surfaces of the thin film. This was, we may admit, a suggestion charac-
teristic of genius ; but it could not be made use of at an epoch when 
the compound nature of white light was not as yet understood. 
Newton made the colors of thin films a favorite object of study. He 
devoted to them an entire book of his celebrated treatise, the'' Optics.'' 
He established the laws of their formation by an admirably connected 
chain of experiments, which no one has since surpassed in excellence. 
In illuminating with homogeneous light the very regularly-formed 
series of bands of which Hooke had already made mention, an<l which 
originated round the point of contact of two lenses pressed closely 
together, be proved that for each species of simple color there exists, in 
thin films of every substance, a series of thicknesses gradually increasing, 
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at each of which no light is reflected from the :film. This result was of 
capital importance; it ineluded the key to all these phenomena . 
.Newton was less happy in the theoretical views which these remark-
able obserYations suggested to him. To say, with him, that the luminous 
ray which is reflected is "in a :fit of easy reflection;" to say that the ray 
which passes through the film entire is" iu a fit of easy transmission"-
what is it but to anuoun,ce, in obscure terms, merely the same fact which 
the experiment with tbe·two lenses has already taught us~* 
The theory of Thomas Young is not amenable to this criticism. Here 
there is no longer admitted any peculiar kind of '':fits" as primordial · 
properties of the rays. The thin film is here assimilated in all respects 
to any thicker reflector of the same substance. If at certain points in 
its surface no light is Yisible, Young did not conclude that therefore its 
reflection had ceased; be supposed that, in the special direc.tions of 
those points, the rays reflected by the second surface proceeded to meet 
with those reflected from the :first surface, an<.l completely destroyed 
them. This conflict of the rays is what the author designated by the 
term "interference," which bas since become so famous. 
Observe, then, here the most t:ingular of hypotheses. We must cer-
tainly feel surprised at finding night iu full sunshine at points where 
the rays of that luminary arrive freely; but who would have imagined 
that we should thence come to suppose that darkness could be engen-
dered by adding light to light~ 
A physicist is truly eminent when he is able to announce any result 
which, to such an extent, clashes with all received ideas; but be ought, 
without delay, to support his ·dews by demonstrative proofs, under the 
penalty of being assimilated to those Oriental writers whose fantastic 
reveries charmed the thousand and one nights of the Sultan Scbahriar. 
Young had not this degree of prudence. He showed at once that his 
theory would agree with the phenomena, but without going beyond 
mere possibility. When at a later period he arrived at real proofs of it, 
tbe public had other preposses~ions, which be was not able to overcome. 
However, the experiment, whence our colleague deduced so memorable 
a discovery, could not excite the shadow of a doubt.t 
*In regard to the theory of the" fits," the author here seems to represent Newton's 
view as, in fact., mere tautology; while in other places he is supposed to have indulged 
in a visionary theory on the subject. Newton, however, expressly says: "\Vhat kind 
of action or disposition this is-whether it consists in a circnlating or vibmting 
motion of the ray, or of tb,e medium, or something else, I do not here inquire." (Op-
tics, p. 255, ed. 1721.) 
The fact is, Newton in his optical researches expressed the same avowe(l and syste-
matic dislike in indulging in any gratuitous theories as in his other inquiries. "Hypo-
theses non jingo," was his motto in these as well as in other researches. In adopting 
the idea of " fits of easy reflection and transmission," we are of opinion that he did not 
violate that maxim, and that it was in fact the only legitimate first expression of the 
conclusion which the facts warranted. At certain points no light appeared; it was the 
legitimate inference, in the then state of knowledge, that none was 1·ejiected. But . 
light was clearly under the same circumstances transmitted; at a distance t1 little 
greater along the ray, an opposite effect was witnessed; and so on. It was nothing 
more than the strict inference that at those points successively something ocmtrred in tho 
course of the ray which disposed it for, or induced, reflection in the one case, and non-
reflection in the other; accompanied in the latter case by like tenuency to transmis-
sion. These apparent "fits" must be still acknowledged as phenomena; the mechanism 
by which they are produced is, however, now known to be nothing inherent in the 
light, no essential property recurring, but the simple periodicity of conspiring or 
counteracting waYe action.-TRANSLATOR. 
tIn the retrospective glance which the author thus gives over the progress of dis-
covery previous to the periou at which Dr. Young first entered on the field, what we 
havo chiefly to observe is, that up to that date nothing like a connected view of the 
physical character of this wonderful agent bad been attained; a few isolated specula-
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Two rays proceeding from the same source by slightly un~qual routes, 
crossed one another at a certain point in space. At this point was 
placed a sheet of white paper. Each ray, taken by itself, made the 
paper more bright at that point, but when tbe two rays united and 
arrived at that point together all brightness disappeared; complete 
night succeeded to day. 
Two rays do not always annihilate each other completely at their 
point of intersection. Sometimes we observe only a partial weakening 
of intensity; sometimes, on the other hand, the rays conspire and in-
crease the illumination. Ever,Ything depends on the difference in the 
length of route which they have gone through, and that according to 
tions had, indeed, been put forth respecting a theory of emitted molecules on t1w one 
hand, and of waves in an ethereal medium on the other, and a few experimental facts 
bearing on the choice between su9h hypotheses bad been ascertained. . 
The several distinct phenomena of common reflection and refraction, of double 
refraction, of inflection or diffraction, and of the colored rings did not seem to be con-
nected by any common principle, nor, even separately cousi<lered, could it be said that 
they were very satisfactorily exp~ained. It was now the peculiar distinction of Young 
to perceive, and to establish in the most incontestable manner, a great principle of the 
simplest kind, which at once rendered the wave hypothesis applicable to the two last-
named classes of facts, and thus directly connected them with the former. It is uot 
always that we are enabled to trace the first rise and progress of tho idea of .a great 
discovery in the inventor's mind. We cannot forbear from here noticing that Dr. 
Young has left on record the progre!ls of the first suggestions which occurred to him 
on the subject of interference. The first view which presented itself was that of the 
analogies furnished by sound, which, as is well known, is conveyed by means of waves 
propagated in ::tir; and in the case of two sounds differing a very little from the same 
pitch, produced at the same time, we have not a continuous sound, but beats-that is, 
alternations of sound and sHence; the waves in the one case conspiril1g with and reen-
forcing each other, in the other counteracting, neutralizing, and destroying each other. 
But in more special reference to light, Dr. Young's account of the origin of his ideas is 
so clear and striking that w~ must give it in his own words: "It was in May, 1801, that 
I discovered, by reflecting on the beautiful experiments of Newton, a law which appears 
to me to account for a greater variety of interesting phenomena than any other optical 
principle that bas yet been made known. I shall endeavor to explain this law by a 
comparison: Suppo!:le a number of equal waves of water to move upon the surface of a 
stagnant lake with a certain constant velocity, and to enter :1 narrow channel leading out 
of the lake. Suppose, then, another similar cause to have excited another equal series 
of waves, which arri•e at the same channel with the same velocity, and at the same time 
with the first. Neither series of waves will destroy the other, but their effects will 
be combined; if they enter the channel in such a m::tnner that the elevations of the 
one series coincide with those of the other, they must together produce a series of 
greater joint elevations; but if the elevations of one series arc so situated as to cor-
respond to the depressions of the other, they must exactly fill up those depressions, 
and the surface of the water must I'emain smooth; at least, I can discover no alternative, 
either from theory or from experiment. Now, I maintain th::tt simibr' effects take 
place whenever two portions of light are thus mixed, and this I call the general law of 
the interference of light."-TRANSLATOR. 
For the sake of many readers it m::ty not be superfluous or useless here briefly to 
illustrate the application of these theoretical ideas. vVe have only to imagine in.like 
manner, in the case of the rays of light, two sets of waves propagated through ::tn ethe-
real medium and coinciding in direction, when it will be easily apparent that just as 
in the case of the Rupposed canal, they may have their waves either conspiring or 
counteracting, and consequently giving :1 point of brightness or darkness accordingly. 
Thus, a coincidence in the periods, or an interval of an integer number of entire wave-
lengths would cause the two systems of waves to conspire and reenforce each other; 
a difference of periods of half a wave-length, or any odd number of balf wave-lengths, 
would cause the two systems to counteract or neutralize each otber. Thus, according 
to the thickness, there would be a point of darkness or of brightness for each primary 
ray, and the succession of tints would be perfectly explained. 
This would directly apply to tho thin films. A ray impinging would be partly reflected 
at the :first surface of the thin film; partly entering, it would be reflected internally at 
its second surface, and emerge coinciding in direction with the first, but retarded behind 
it from the thickness traversed in its undulations either by a whole or half undulation, 
or some multiples of these, thus giving either a point of brightness or one of darkness 
accordingly; or by some intermediate fraction giving an intermedi::ttc shade. And 
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very simple laws, the discovery of which, in any age, would suffice to 
immortalize a physicist. 
The diffrrences of route which produce these conflicts between the 
rays, accompanied by their entire mutual destruction, have not the same 
numerical value for the differently eolored primary rays. \Vhen two 
wllite rays cross, it is then possible that one of their chief constituent 
parts, the red for example, may alone be in a condition fit for mutual 
destruction. But white depriYed of its red, becomes green. Thus, in-
terference of light manifests itself in the phenomena of coloration. 
Thus, the different elementary colors are placed in evidence without any 
prism to separate them. \Ve slwuld, however, remark that there does 
this would go on alternately at successively greater thicknesses of the film, giving a 
succession of such points or bands. 
Thus, at, two successive 
thicknesses of the plate p, 
the incident r:1J'S, falling 
on it in parallel directions 
i i, arc reflected partially + 
from th~ fiJ;st surface 1' 1', r ,, 
and part1ally from the sec- o ~
ond 1'1 r'. According to the ~~ 
ditferenceofthicknesstrav-  / 
erscd, these may be in ac-
cordance giving a point of ~ ----. 1' 
brightuesR as +, or in dis- -~------"'---------~c__ ______ _ 
cordancc giving a point of 
darkness as at o. 
If two ra,ys or sets of waves, instead of being exactly superimposed, be supposed to 
meet inclined aJ a vt>ry acute angle, in a somewhat similar way they would, a,t a series 
of points, a1ternatcly conspire or clash with each other, thus giving riso to a series of 
bright and dark points, the assemblage of which will produce bands 
or stripes on a screen intercepting the rays. Now, as to actual exper-
imental cases, it was in the applimttion of this latter theoretica-l i(lea 
that tho invention of Dr. Young was peculiarly displayed. The 
former case wa,s that alone which seems to have occurred to Hooke, 
in reference to the colors of thin plates, and even this was in Lis 
mind but a, very indefinite conception; nor did it seem a,t first sight 
readily comparable with such cases as the diffraction fringes, or still 
less with the internal bands of a shadow observed bv Grirnaldi. If 
Hooke bad imagined any theoretical views of this kind, it was prob-
ably confined to the one case of the thin films. Young's grea-t merit 
was the comprehensiveness of his principle; an] in following out the 
investigation be proceeded a,t once to such a generalization as evinced 
tba,t comprehensiveness, aud connected immediately those classes of 
phenomena apparently so different in character-the thin films, the 
internal bam1s, and the external fringes. ·when, as in Grimaldi's 
experiment, (since called the phenomena of diffraction,) a narrow 
slip of card was placed in a very narrow beam of solar light, dark 
and bright stripes parallel to the sides internally marked the wholo 
shadow longitudinally, while the external fringes appea-red on the 
outside at each edge. Tlw general appearance of the shadow of a 
long narrow body with paralh-1 sides in a beam of solar light issu- 1 
iug from a minute bole in a shutter, or, what is better, the focus of 
a smallleus collecting tho rays to a point, is that of a shadow marked I 
with longitmlinal stripes and externally bordered by parallel fringes. 
or b:tnds of light slightly colored, as seen in tho a,nnexed figure. 
To e.rhibit these appearances ordinarily requires tht;3 sun's light. 
But the translator bas found a very simple method of exhibiting 
these plwnomena on a minute scale by candle light, by merely placing 
a fwo wire across one surface of a lens of short focus, and looking through it at light 
a-dmitted through a narrow slit pamllel to the wire, or even the flame of a candle at a 
considerable distance. 
Next, as to the theoretical explanation, an inspection of tho accompanying diagram 
will perllap& help to convey an idea of the manner in which the several sets of waves 
are formed, and int~rfere in the case now supposed. 
Young conceived the beam of light as a series of waves propagated onward till, on 
rca,ching the card, they were broken up into two new sets of wa,ves, spreading in circles 
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not exist a single point in space where a thousand rays of the same 
origin do not proceed to cross one another after reflections more or less 
oblique, and we shall perceive at a glance the whole extent of the unex-
plored region which interferences open to the investigations of experi-
menters. 
\Vhen Young published this theory, many phenomena of periodical 
colors had been already offered to the notice of observers, and, we should 
add, had resisted all attempts at explanation. Among the number we 
might instance the colored rings which are formed by reflection, not on 
thin films, but on mirrors of thick glass slightly concave; the iridescent 
bands of different breadths, with which the shadows of bodies are bor-
dered on tile outside, and in some instances covered witl1in, wllich Gri-
maldi first noticed, and wllich aJt~rward uselessly exercised the genius 
of Newton, and of which the completion of the theory was reserved for 
Fresnel; the bows, colored red and green, which are perceived in greater 
or less number immediately under the innermost of t.he prismatic bands 
of tliC rainbow,* and wllich seemed so completely inexplicable that tlte 
writers of elementary books on physics had given up making Jllention of 
them; and7 lastly, the "coronas," or broad colo:r:ecl circles with varying 
diameters, which often appear surrounding the sun and moon. 
round each edge as a new center, while part of the original set continued to pass on at 
each side. On the principle just mentioned, these would intmfere with the new por-
tions on the outside; and the two new portions would inte1je1·e with each other in the 
inside of the shadow, in either case giving stripes or bauds. To complete the proof, 




8.1mndance of light was present~d on the other, yet all the internal bands immcdi~tcly 
disappeared, demonstrating that the effect was due solely to the concnrrence of the 
light from both sides. The bands produced by ~ght admitted. through narrow apertures, 
aud numerous other phenomena of the same kwd, may rece1ve a gener2J and popular 
expla,nation in th~ same way.-TRANSLATOR. • · . . 
*This explana.twn bas been recently controverted by Professor Potter.-PhilosophiCal 
Magazine, May, 1855. 
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If I call to mind how many persons do not appreciate scientific theo-
ries except in proportion to the immediate applications which they may 
offer, I cannot terminate this enumeration of the phenomena which 
cbar~tcterize the several serieR of more or less numerous periodical col-
ors without mentioning the rings~ so remarkable by their regularity of 
form and purity of tint, with which every brilliant light appears sur-
rounded when we look at it through a mass of fine molecules or fila-
ments of equal dimensions. These rings, in fact, sugget:lted to Young 
the idea of an instrument, extremely simple, which he called an "eri-
ometer," and with which we can measure, without difficulty, the dimen-
sions of the most minute bodies. The eriometer, as yet so little known 
to observers, bas an immense advantage over the microscope in giving 
at a single glance the rnean magnitude of millions of particles which are 
contained in the field of view. It possesses, moreover, the singular 
property of remaining silent when the particles differ much in magni-
tude among themselves, or, in other words, when the question of deter-
mining their dimensions has no real meaning. 
Young applied his eriometer to the measurement of the globules of 
blood in different classes of animals ; to that of powders furnished by 
different species of vegetables; of the fineness of different kinds of fur 
used in the manufacture of different fabrics, from that of the beaver, 
the most valuable of all, down to that of the common sheep of the· Sus-
sex breed, which stands at the other extremity of the scale, and is com-
posed of filaments four timt>s and a half thicker than that of the beaver. 
Defore the researches of Young the numerous phenomena of colors* 
which I have just pointed out were not only'inexplicable, but nothing 
h~td been found to connect them with each other. Newton, who was 
long eugaged on the subject, bad not perceived any connection between 
the rings in thin films aud the bands of diffraction. Young reduced 
these two kinds of colored baJ)ds alike to the law of interference. At 
a later period, wl1en the colored phenomena of polarization had been 
discovered, be observed in certain measures of the thickness at which 
they occurred some remarkable numerical analogies, which made it \ery 
reasonable to expect that sooner or later this singular kind of polariza-
tion would be found connected with his doctrine. He had in this in-
stance, however, we must admit, a very wide hiatus to fill up. The 
knowledge of some important properties of light, then completely un-
known, would have been necessary to permit him to conceive the whole 
singularity of the effects which, in certain crystals cut in certain direc-
tions, double refraction produces by the destruction of light resulting 
from the interference of rays; but it is to Young that the honor belongs 
of having opened the way; it was he who was the first to decipher 
these hieroglyphics of optics.t 
"'Every one may have remarked the threads of a spider's web occasionally exhibiting 
brilliant colors in the sunshine. The same thing is seen in fine scratches on the surface 
of polished metal, produced in a more regular way by the fine engraved parallel 
grooves in Barton's buttons. The colors of mother-of-pearl :ne of the same kind; all 
these colors Dr. Young showed were due to interference of the portions of light reflected 
from the sides of the narrow transparent thread or groove.-TRANSLATOH. 
tIt has been well observed that simplicity is not ahvays a fruit of the first growth, 
and acconlingly some of the earliest of Young's researches were complicated by unne-
cessary conditions. Thus, to exhibit the effect of two rays interfe.ring, he at first not 
unnaturally transmitted the narrow beam of light through t"·o small apertures near 
together. In point of fact, though the real effect is here seen, it is mixed up with 
others of a more complex kind. The narrow apertures each exhibited colored fringes 
in addition to the interference stripes seen between them. Tho colored fringes of aper-
tU?·es, unless very wide, are distinct from those formed by one external edgo of an 
opaque body, the light from each side conspires to the effects in a somewhat complex 
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EGYPTIAN HIEROGLYPHICS-HISTOTI.Y OF THE FIRST EXACT INTER-
PRE'l'A.TION GIVEN OF THEM. 
The word hieroglyphic, regarded not metaphysicaiiy, but in its natu-
ral acceptation, carries us into a field which has been long the theater 
of numerous and animated debates. I have hesitated whether to risk 
manner. If the aperture be otherwise than long with parallel sides, the phenomenon 
becomes still more complex, and the calculation difficult; few such cases have ever yet 
been solved, and some such cases have been dwelt upon as formidable objections to 
the theory; they are simply cases to which the formula, from its mathematical diffi-
culties, has not yet been extended. 
In all these cases of diffraction au opaque body was used, and it might still be sus-
pected that some action of the edge of that body might be concerned in 1,hc result. Nu-
merous experiments of 1\laraldi, Dutonr, Biot, and others were directed to the investi-
gation of this point. Biot showed that an opaque body was not necessary, inasmuch 
as the edge of the plate of glass, or even the bounding line of two faces of a glass, cut 
at a slight inclination to eaeh other, gave the same fringes; indeed, Newton also had 
noticed something of the kind. Haldat varied the conditions of the edge in every 
conceivable way, whether of form or nature, by the influence of magnetism, galvan-
ism, electrieity, or temperature from freezing to a red heat, without producing the 
slightest difference in the fringes-a result which it would be impossible to conceive 
compatible with any idea of an atmosphere of at.traction or repulsion surrounding the 
edrre. 
Again : Though we have given the explanation of the external fringes in its simple 
and correct form, yet both Young and Fresnel failed in tho first instance to see it in 
that light, both believing that the reflection of a portion of raJ·s from the edge of the 
opaque body was mainly concerned in producing tlte interference. Subsequent experi-
ments showed that even in cases where that edge reflects any sensible amount of light, 
its influeuce on the diffracted fringes is quite inappreciable. In fact, Yonug, in a let-
ter to Fresnel, in returning thanks for a copy of a later memoir, in which he hau shown 
this supposition to be unnecessary, also concurs in abandoning it. It did but compli-
cate and injure the beanty of the result, (Young's Works, i, 393 ;) and every doubt 
must have disappeared in the minds of those who compared tlte minute arithmetical 
accuracy with which the places of the fdnges, as computed from the simple theory 
in the investig:1tions of Fresnel, agreed with those actually dete1:mined by the nicest 
micrometrical 111easnrments. 
In enumeratiug the discoveries of Young in the first establishment of the wave 
theory, it is somewhat singnlar that Arago, whether from accident or design, should 
have overlooked one investigation which umst be regarded as among the most important. 
The great support which the emission theory received in recent 1imes was tllat derived 
from Lnplace's memoir on the law of double refract:on, (1809,) in which, on tlte prin_-
ple of "least action," as maintained by Manpertins and applieLl to the idoa of lumi-
nous molecules, he explained the observed laws of ordinary and extraordinary refrac-
tion in Iceland spar. This investigation exerdseLl a powerful in:O.nenco iu favor of the 
molecular theory over the minds of the men of science in France, wlto bo"l\ed implicitly 
to the authorit,y of Laplace. But the memoir of Laplace was the subject of a very 
powerful attack on the part of Dr. Young, carried on in an article in the Quarterly 
Review, November, 1809, in which he disputed the mechanical and mathematical 
grounds of Laplace's theory, and sho,ved that the same laws of donule refraction 
could be far more easily deduced from the undulatory hypothesis. Next to the dis-
covery of interference, this refntation of tlte strongest poiut of the emission theory 
cannot but be regarded as one of the most material in the development and establish-
ment of the undulatory vie \Y. 
To the statement of these various cases of interference it should be addf'd, that w·hen 
the tints of polarized light were di&:overed, Young in 1814 applied to the phenomena 
the grmeral cousidemtion of interference; that is to say, he showed that, owing to 
the differing obliquities of the paths of the rays within the crystaJ, they would 
be unequally retan1ed in their passage, and would con_sequently emerge in con-
ditions, with reganl to length of route, respectively of accordance or (liscordance at 
corresponding distances round the central line or axis of t.he crystal, aml tlms might 
give rise to colored rings. Arago, ho"l\ever, soon noticed that the explanation was 
incomplete; the maiu point, in fact, reruainetl to be accounted for, viz, wlty ,,.e see no 
colors till tlte analyzm· is applied, and why even tlte previous polarization is necessary 
to the result. It was not until about two years afterward that Arago and Fresnel' 
jointly succeeded in discovering a new law, which not only fnrnislter1 tlte complete 
solution of the polarized rings, but at length cleared away all the llifficnlties wltich, 
from the first,, had snrrouuded the idea of polarization itself: For an account of this 
see memoir of FresneL-TRANSLATOR. 
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offending the feelings which this question has excited. The secretary of 
an academy occupied exclusively with the exact sciences might indeed, 
without impropriety, remit this philological subject to otlwr more com-
petent ju(lges. I also feared, I will avow, to find myself in disagree-
ment on several important points with the illustrious man of science 
whose labors it has ueen so uelightful to me to analyze, without having 
to adu a word of criticism from my pen. All these scruples, however, 
vanish when I reflect that tlte interpretation of hieroglyphics has been 
one of the most beautiful disco .. ·eries of our age ; that Young himself 
has mixed up my name with discussions relating to it; that to examine 
whether !~ranee can pretend to this uew title to glory, is to enhance the 
importance of the task confided to me at this moment, and to perform 
the <luty of a good citizen. I am aware that some may find narrowness 
in these sentiments. I am not ignorant thr~t the cosmopolitan Rpirit has 
its good side; bnt with what name shall I stigmatize it, if, when all 
neighboring nations enumerate with triumph the discoveries of their 
sons, it slwuld hinder me from seeking, even in the present circle 
among those colleagues whose modesty I would not hurt, the proof that 
France is uot <legenerate; that she also adds every year her glorious 
contingent to the vast deposit of human knowledge~* 
I approach, then, the question of Egyptian writing, and I do so free 
from all prejudice, with the firm '"ish of being just; with the lively 
desire to conciliate the rival pretensions of two men of science, whose 
premature death has been to all Enrope a legitimate sul~ject of regret. 
Lastly, I shall not in this discussion on hieroglyphics transgress the 
bounds imposed on me; happy if those who listen to me, and whose 
indulgence I ask, may find that I have known how to escape the influence 
of a subject whose obscurity is proverbial. 
l\Ien llave imagined two systems of writing entirely distinct. One is 
that employed by the Chinese, which is the system of hieroglyphics; 
the other, at present in use among all other nations, bears the name of 
the alphabetieal or phonetic system. 
The Chinese have no letters properly so caiied: the characters which 
they use in writing are stnctly hieroglyphics ; they do not represent 
sonnds or articulations, but ideas. Tllus a bouse is represented by a 
unique and special character~ which does not change even when the 
Chinese have come to call a bouse, in their spoken language, by a name 
totally different from that which they formerly pronounced. Does this 
result appear surprising~ Imagine the case of our ciphers, which are 
also hieroglyphics; the idea of one added to itself seven times is expressed 
everywhere in France, in England, in Spain, &e., by the aid of two cir-
clrs placed vertically one over the other, and touching in one point; but 
in looking at this hieroglyphic sign (8) the Frenchman pronounces ;' huit," 
the Englishman "eight,'' the Spaniard '" ocho." No one is ignorant that it 
is tlte same 'ivith compound uum bers. Thus, to speak briefly, if the Chinese 
ideographic signs were generally adopted, as the Arabic numerals are, 
every one would read in his own language the works which they pre-
"In bringing out a. pa.rt of this chapter on Egyptian hieroglyphics in the Annuairo 
for 18~3, Arago has added: ''The first exact interpretation which has been given of 
Egyptian hieroglyphics will certainl,y take its place among the most beautiful discov-
eries of the age. Besides, after the animated debates to which it l1as given birth, 
every one would desire to know whether Fra.uce can conscientiously pretend to this new 
title to glory. Thus the importance of the questiou, and the national self-love prop-
erly understood, unite in encouraging me to publish the result 0f a minute examina-
tion to which I have devotcfl myself. Can I, then, be blind to the danger which there 
always is in attempting difficult subjects in matters which we have not made the 
special sul.).ject of our studies Y" 
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sented to him, without the need of knowing a single word of the lan-
guage spoken by the authors who t..ave written them. 
It is not so with alphabetical writing. 
"Be who first taught us the ingenious art 
To paint our words, and speak them to our eyes," 
having made the capital remark that all words of a spoken lnnguage, 
cYen the most rich, are compounded of a very limited number of 
elementary articulate sounds, inYented artificial signs or letters to the 
number of twenty-four or thirty to represent them. By the aid of these 
signs differently combined he could write every word which struck his 
ear, even without knowing the meaning of it. 
Tl10 Chinese or hieroglyphic writing seems to be the infancy of the 
art. It is not always, as has been sometimes said, that to learn to read 
it, even in China, occupies the whole life of a studious J\fan<larin. Re-
rnusat (whose name I cannot mention without recalling one of the most 
heavy losses which literature bas lately sustained) has established, both 
by his own experience and by the fact of the excellent scholars b~ has 
formed every year by his lectures, that we may learn Chinese like any 
other lm1guage. It is not true, as was once imagined, that the char-
acters are appropriated solely to the expression of common ideas; sm~eral 
pages of the :romance of Y~t-kiao-li, or The Two Cousins, will suffice to 
show that the most subtle abstractions, the quintessence of refinements, 
are not beyond the range of the Chinese writing. The chief fault of this 
mode of writing is, that it gives no means of expressing new names. A 
letter from Canton might have told at Pekin that on the 14th of June, 
1800, a great and memorable battle saved France from great peril; but 
it would not have been able to express in these purely hierogl.}phic char-
acters that this glorious m-·ent took place near the village of Marengo, 
or that the victorious general was called Bonaparte. A people among 
whom the communication of proper names, from one place to another, 
could only take place by means of special messengers, would be, as we 
see, only in the first rudiments of eivilization. These preliminary re-
marks are not useless. The question of priority, which the graphic 
methods of Egypt have called forth, thus comes to be easy to explain and 
to comprehend. As we proceed, in fact, we find in the hieroglyphics of 
the ancient people of the Pharoahs all the artifices of which the Chinese 
make use at the present da.y. 
Many passages of Herodotus, of Diodorns Siculus, of Clement of Al-
exandria, have taught us that the Egyptians had two or three different 
sorts of writing, and that in one of these, at least, symbolic chm acters, 
or the representatives of ideas, played a principal part. Horapollon 
has even preserved to us the signification of a certain number of these 
characters. Thus we know that the hawk designated the soul; the ibis, 
the heart; the dove, (which might seem strange,) a violent man; the 
flute, an alien; t,he number six, 1Jleasure; a frog, an imp~tdent man; the 
ant, 'Wisdom; a 'running knot, love; &c~ 
The signs thus preserved by Horapollon form only a very small part 
of the eight or nine hundred characters which have been found in the 
ancient inscriptions. The moderns, Kircher among others, have en-
deavored to enlarge the number. Their efforts have not given any use-
ful result, unless it be so to show to what errors even the best-instructed 
men expose themselves when in the search after facts they abandon 
themselves without restraint to imagination. In the want of data, the 
interpretation of the Egyptian writings appeared for a long time, to all 
sound minds., a Qroblem comvletely incapable of solution, when, in1799, 
M. Boussard, an engineer officer, discovered in tbe excavations wnic'n. 
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he was making near Rosetta a large stone covered with inscriptions in 
three kindR of characters quite rlistinct. 
One of the series of characters was Greek. This, in spite of some 
mutilations, made clearly known that the authors of the monument had 
ordained that the same ins<·.ription should be traced in three different 
sorts of characters, viz, in the sacred characters or Egyptian hieroglyph-
ics, in the local or vulgar characters, and in Greek. Thus, by an unex-
pected good fortune, the philologists found themselves in possession of 
a Greek text, having also before them its translation into the Egyptian 
language, or at least a transcription in two sorts of characters anciently· 
in usc on the banks of the ~ ile. 
This Rosetta stone, since so celebrated, and which M. Boussard pre-
sented to the Institute of Cairo, was taken from that body at the period 
when tlJe French army evacuated Eg,Ypt. It was presen·ed, however, 
in the British Museum, where it figured, as Thomas Young said, as a 
monument of British valor. Putting valor out of the question, the cele-
brated philosopher might have added, without too much partiality, that 
this invaluable trilingual monument. thus bears some witness to the 
advanced views which guided all the details of the memorable expedition 
into Egypt, as also to the indefatigable zeal of the distinguished savants 
whose labors, often carried on nnder the fire of the forts, have added so 
much to the glory of their country. The importance of the Rosetta 
stone struck them, in fact, so forcibly, that, in order not to abandon 
this precious treasure to the adventurous chances of a sea voyage, they 
earnestly applied themselves, from the :first, to reproduce it by copies, 
by impressions taken iu the w~.y of Jlrinting from engravings, by molds 
in plaster or sulphur. We must add that antiquaries of all countries 
became first acquainted with the Rosetta stone from the designs given 
by the French savants. 
One of the most illustrious members of the institute, 1\f. Silvestre de 
Sacy, entered :firHt in 1802 on the career which the trilingual inscription 
opened to the investigations of philologists. He only occupied himself 
on the Egyptian text in common characters. He there discovered the 
groups which represent the different proper names, and their phonetic 
nature. Thus, in one of two inscriptions, at least, the Egyptians had 
the signs of sounds, or true letters. This important result found no 
Qpponents after a Swedish man of science, M. Akerblad, in completing 
the labors of our fellow-countryman, bad assigned, with a probability 
bordering on certainty, the phonetic value of each of the different char-
acters employed in the transcription of the proper names ''"bich the 
Greek text disclosed. There remained all along the purely hieroglyphic 
part of the inscription, or what was supposed such; this remained un-
touched; no one had ventured to attempt to decipher it. It is here 
that we find Young declaring, as if by a species of inspiration, that in 
the multitude of sculptured signs on the stone representing either entire 
animals, or fantastic forms, or again instruments, products of art, or 
geometrical forms, those of these signs which were found inclosed in 
elliptic borders corresponded to the proper names in the Greek inscrip-
tion, iu particular to the name of Ptolemy, the only one which in the 
hieroglyphic inscription remains uninjured. Immediately afterward 
Young said that in the special case of the border or scroll, the signs 
included represented no longer ideas, but sounds. In a word, he sought 
by a minute and refined analysis to assign an inuividual hieroglyphic 
to each of the sounds which the ear receives in the name of Ptolemy in 
tho RosRtta stone, and in that of Berenice in another monument. Thus 
we seo, unless I mistake, in the researches of Young on the graphic sys-
9s 
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terns of the Egyptians, the three culminating points. No one, it is said, 
had perceived them, or at least had pointed them out before the Eng-
lish philosopher. This opinion, although generally admitted, appears to 
me open to dispute. It is, in fact, certain that, in 1766 M. de Guignes, 
in a printed memoir, had indicated that the scrolls in Egyptian in-
scriptions included all the proper names. Every one might also see 
in the same work the arguments on which the learned orienta1ist relied 
to establish the opinion which he had embraced on the constant pho-
netic character of the Egyptian hieroglyphics. Young, then, has the 
priority on this point alone. To him belongs the first attempt which 
had been made to decompoRe in let.ters the groups of the scrolls, to give 
a phonetic value to t!Je hieroglyphics which composed in the stone of 
Rosetta the name of Ptolemy. In this research, as we might expect, 
Young furnished new proofs of his immense penetration; but, mislead 
by a false system, his efforts had not a full success. Thus sometimes 
he attributes to the hieroglyphic characters a value simply alphabetical. 
Further on he gives them a value which is syllabic or dissyllabic, with-
out being struck by what must seem so strange iu this mixture of dif-
ferent characters. The fragment of au alphabet published by Young 
includes, then, something both of truth aud falsehood, but the false 
so much abounds that it would be impossible to apply the value of let. 
ters which compose it to any other reading than that of the two proper 
names from which it was derived. The word impossible is so rarely met 
with in the scientific career of Young, that I must hasten to justify it. 
I will say, then, that aftt>r the composition of his alphabet Youag him-
self believed that he saw in the soroll of an Egyptian monument the 
ilame of" Arsinoe," where his celebrated competitor had since shown 
with irresistible evidence the word " a.utocrator;" that he believed he 
had found" e~tergetes" in a group where we ought to read "Omsar." 
The lauors of Champollion, as to the discovery of the phonetic value 
of hieroglyphics, are clear, distinet, and cannot involve any doubt. 
;Each sign is equivalent to a single vowel or consonant. Its value is 
not arbitrary. Every phonetic hieroglyphic is the image of a physical 
object whose name in the Egyptian language commences with the vowel 
or the consonant which it is wished to represent.* 
· .The alphabet of Ohampollion, once modeled from the stone of Rosetta 
and two or three other mouumeuts, enables us to read inscriptions en-
tirely different; for example, the name of Cleopatra on the obelisk of 
:Phil6e, long ago transported into England, and where Dr. Young, 
armcu with his alphabet, could discover nothing. On the temple of 
Karnac, Ohampollion read twice the name of Alexander; on the Zodiac 
of Denderah, the title of a Roman emperor; on the grand edifice aboye 
which it is placed, the names and surnames of the emperors Augustus, 
Tiberius, Claudius, Nero, Domitian, &c. Thus, to speak brief:l.y, we 
*This willl.Jecome clear to every one, if we seek, by following the Egyptian system, 
to compose hieroglyphics in the French language. A may be represeutml by (agneau) 
a lam I.>, (aiglc,) au eagle, an ass, anemone, artichoke, &c.; B, l>y a balance, a whale, 
.(balcine,) a. boat, &c.; C, by cabana, (badger,) cheval, (horse,) cat, cetlar, &c.; E, by 
.epic, (a sword,) elephant, epagneul~ (spaniel,) &c. Abbe, then, would be \Yrit.ten in 
French hieroo'lyphics by putting any of the following figures in succession : A lamb, 
.a balance, a ~hale, au elephant; or an eagle, a boat, a sword, &c. This kind of writ-
juo- has some analogy, as we see, with the rel>usin which confectioners wrap their bon-
bo~s. Thus we see a,t what stage these Egyptian priests wt~re, of whom antiquity has 
so much boasted, but who, we must say, have taught us so little. 
M. Champollion calls honwphones all those signs which, representing the same sound 
or the same articulation, can be substituted indifferently for each other. In the actual 
state of the Egyptian alphabet I perceive six or seven homopho~e signs foe A, and 
more than twelve for the Greek sigma.-ARAGO. 
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find on one hand the li\ely discussion to which the age of these monu-
ments bad given rise completely terminated; on tile other, we observe 
it established beyond question that under the Roman dominion hiero-
glyphics were still in full use on the banks of.U1e Nile. 
The alphabet which had given such unhoped-for results, whether 
applied. to the grc~t obelisks at Karnac, or to other monuments which 
are also recognized. as being of the age of the Pharaohs, presents to us 
the names of many other kings of this ancient race; the names of 
Egyptian deities; we can. say more, substantives, adjectives, and verbs 
of the Coptic language. Young was then deceived when he regarded 
the phonetic hieroglyphics as a modern inventiou; when be advanced 
that ihey served solely for the transcription of proper names foreign to 
Eg;ypt. l\L de Guignes, and, above all, l\f. Etienne Quatremere estab· 
lisbed, ou the coutrary, a. real fact, and one of great importance-that 
the reading of the inscriptions of the Pharaohs is corroborated by irresist-
ible proofs, while they show that the existing Coptic language was that 
of the aucient suujects of Sesostris. 
We now know the facts. I may, then, confine myself to confirm, by 
a few sllort observations, the consequences ·which appear to me to result 
fi.·om them. 
Discussions of priority, even under the dominion of national preju-
dices, will han~ become embittered if they can be reduced to fixed rules; 
but in certain cases the first i<lea is everything; in others, the details offer 
the chief difficulties; sometimes the merit seems to consist less in the 
conception of a theory than in its demonstration. vVe then infer how 
much the choice of a particular point of view must depend on arbitrary 
conditions; aml, lastly, how much influence it will have on the definite 
conclusion. To escape from these embarrassments, I have sought an 
example in which the parts respectively played by two rival claimants 
for an invention may be assimilated to those of Ohampollion and Young, 
and which has, on the other band, united all opinions. This example, 
I believe, 1 have found iu the interferences, even leaving out of the ques· 
tion, as regards the subject of the hieroglyphic~, the quotations from tile 
memoir of M. de Guignes. It is as follows: Rooke, in fact, had an-
nounced, uefore Dr. Yonng, that luminous rays interfered, just as the latter 
had asserted, before Champollion, that the Egyptian hieroglyphics are 
sometimes phonetic. Hooke did not prove directly llis hypothesis; the 
proof of the phonetic values assigned by Young to different hieroglyphics 
could only rest on readings which had not, as yet, been made, and which 
could not then be made. From wan.t of knowing the composition of 
white light, Hooke had not an exact idea of the nature of interferences, 
as Young on Lis part decei·ved himself by an imagined syllabic or dis-
syllabic value of hieroglyphics. Young, by unanimous consent, is 
regarded as the author of the theory of interferences. Thence, by a 
parity of reasoning which seems to me inevitable, Champollion ought 
to be regarded as the author of the discovery of hieroglyphics. 
I regret not to have sooner thought of this comparison. If, in his 
lifetime, Young had. been placed in the alternative of being the origina-
tor of the doctrine of interferences, leaving the hieroglyphics to Cham-
pollion, or to keep the hieroglyphics, giving up to Hooke the ingenious 
optical theory, I do not doubt be would have felt obliged to recognize 
the claims of our illustrious fellow-countryman. A.t all events, there 
would have remained with him what no one could have contested, the 
right to appear in the history of the memorable discovery of the inter-
pretation of hieroglyphics in the same relative position as that in which 
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Kepler, Borelli, Hooke, and Wren appeared in the history of universal 
gra ,.i tation. • 
NO'l'E.-We have here put before our readers the literal version of 
Arago's statement respecting the claims of Young in regard to thr dis-
covery of tl1e principle of interpreting the Egyptian hieroglyphics. 
Arago1s representations have been, as is well known, greatly called in 
question. And though he throughout speaks in a tone of marked 
courtesy and candor toward Young, yet it is clear that he espouses the 
cause of Champollion with an ardor which many, in this country, believe 
h~is, in some degree, blinded him to the truth of the case. At any rate, 
in the vivid and hip:hly-colored sketch here presented by M. Arago, the 
reader 1nay need some caution in discriminating the fair share of merit 
whicl1 may be claimed by the respective parties engaged in the inquiry. 
The author's national partialities may verynaturall,y have had some influ-
ence in biasing his judgment. It is impossible here to enter on details 
of controversy. But both as to the actual amount and accuracy of Dr. 
Young's investigations and the relative elaims of M. Ohampollion, the 
reader may find it desirable to refer to the extended discussion of the 
subject given in Dr. Peacock's Life of Young. Witbout·the pretension, 
or indeed the possibility, of adequately going into this question within 
the limits of sucli a commentary as can be here given, we shall content 
ourselves with pointing out to the notice of our readers a few of those 
passr~ges in that work in which Dr. Young's claims are powerfullj~ vin-
dicated. The conclusions turn out such a variety of points of details 
that it would be wholly impracticable to attempt any anal~·sis of them 
in this place. But the result tends to assign a considerably larger share 
of credit in the discovery to Dr. Young than Arago seems disposed to ~ 
allow him. Dr. Peacock's able and ela.borate work is doubtless in the 
hands of all those who take any interest in a question so important to 
the advance of philological and eth-nological science as well as to gen-
eral literature. Yet a ~light sketch of the chief points referred to may 
not be useless. 
We may first mention that Dr. Young's article "Egypt," in the Sup-
plement to the Encyclopedia Britannica, published in 1819, contains the 
most comprehensiye sunTey of his labors and conclusions on the subject 
of hieroglyphic literature up to that date. It does not profess to go into 
those rninutim of critical detail, for which reference must be made to 
his numerous other writings on the subject; but as a general a,nd popu-
lar view it will always be consulted with advantage. Nevertheless, the 
reader must always bear in mind that irt the statements just given much 
had to be revised, or even reYersed, from the improved disclosures of 
his later researches. 
Dr. Peacock has alluded but briefly to the views of Arago, and toward 
the conclusion of the chapter sums up the representation of the case as 
given in the eloge, remarking only that the whole of his previous state-
ments constitute the refutation of it. 
The following extract will show the main claims of Young, insisted on 
by his biographer : 
"It was Dr. Young who first determined, and by no easy process, that 
the rings* on the Rosetta stone contained the name of Ptolemy. It 
was Dr. Young who determined that the semicircle and oval, found at 
the end of the second ring, in connection with the former, was expressive 
of the feminine gender; and it was Dr. Young who had not only first 
*Certain portions of the hieroglyphieal characters are found surrounded by a ring 
or inclosure called by the French cartouches. .. 
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sugge8ted that the characters in the ring of Ptolemy w-ere phonetic, but 
bad determined, with one very unimportant inaccurae;y, the values of 
four of those which were common to the name of Cleopatra, whieh were 
required to be analyzed. All the principles involYed in the diseovery 
of au alphabet of phonetic hieroglyphics were not only dist.inctly laid 
down but fully exemplified by him; and it only required the further 
identification of one or two royal names with the rings, which expressed 
them in hieroglyphics, to extend the alphabet already known sufficiently 
to bring even names which were not already identified under its opera-
tion." 
Dr. Peacock states that Champollion and Young, while engaged siln- · 
nltaneously in the prosecution of the researches connected with these 
points, in some instances had opportunities of personal communication 
with each other. But Clwmpollion enjoyed especial advantages from 
circumstances which placed some of the papyri in his possession, and 
thus enabled him to take precedence in the publieation of results; 
while his competitor, if be had enjoyed tlte same facilities, would, no 
doul>t, have been equally competent to perceive the force of the new 
evidence thus adduced, and equally ready to make use of it, even if set-
ting aside some of his earlier inferences and conjectures. 
Dr. Peacock, after reflecting with much severity on Champollion, ex-
presses his regret to find so eminent a writer as Chevalier Bunsen, 
whose remarks are quoted before, (p. 311,) "supporting, by the weight 
of his authority, some of the grossest of these misrepresentations," (p. 
337.) 
Dr. Young rlisplayecl singular modesty and forbearance in his contro-
versy with Cbampollion, treating him throughout with all the respect 
due to his acknowledged eminence, and while mildly reproaching Lim 
with omitting to gi,~e him the due credit for his own share in there-
search, yet in no way insinuating that any discreditable motive led to 
the omission. Dr. Peacock, however, thinks a far more stringent tone 
of criticism might have fairly applied; he takes up the cause of Young 
with a less scrupulous zeai. and, though with perfect good temper, yet 
with deeply damaging force of argument and statement of facts, ex-
pose~ the very unjustifiable nature of Champollion 's assumptions, and 
vindicates the clailp.s of Yonng to his fair and important share in these 
discoveries. He dwells on the tone of assumption in which Champollion 
presents himself to his readers as in exclusive possession of a provinee 
of which be had long since been the sole conqueror, and regards every , 
question raised as to his exclusive rights as an unjustifiable attack to be 
resented and repelled, while he studiously suppresses the dates of the 
successive stages of the discovery, and thus a,ttac;ks Young on the as-
sertions made on imperfect lmowleclge in the earlier stages of his in-
vestigatious with the aid of all his own accnmulctted information ac-
quired Rnbsequently, a proceeding the iniquity of which needs only 
stating to stand exposed. As instances of this, it is mentioned that 
Youug, in 18lu, on the strength of comparatively imperfect information 
then acquired, maue some representations respecting the enchorial char-
a~ters in the Hosetta inscription, and their relation to those employed 
in the funeral rolls. These Ohampollion criticises and exposes without 
reserve from the more full knowleuge he had obtained in 1824, entirely 
passing over Young's own later statement on the same subject, correct-
ing his former views, and from which even Dr. Peacock considers Uham-
pollion himself probably derived a large portion of his own knowledge of 
the subject. Dr. Peacock has collected in one point of view Champol-
lion's main assertions as representing the state of the case. But he has 
• 
134· EULOGY ON THOMAS YOUNG. 
shown tlmt some of the propositions dwelt upon were, in point of fact, 
nerl)er maintained by Dr. Young; and it was chiefly by his later re-
searches that the erroneous impressions at first entertained, respecting 
the points to which they relate, had been corrected and their true na-
. ture established. 
In 1821 Champollion denied altogether the exjstence of an alphabetic 
element among the hieroglyphics; but in the following year he 
adopted the whole of Young's principles, and applied them with one 
modification only. The analogy of certain marks in the Chinese biero-
glyphics to signify proper names, the principle that the phonetic power 
of the symbol is derived from the initial letter or syllable of the name 
of the object which it represents in the Egyptian language, are among 
the chief of tlwse which he borrows without acknowledgment, or claims 
witlwut regard to their prior announcement by Young. '"It would be 
difficult," says Dr. Peacock, "to point out in the history of .literatnre a 
more flagrant example of disingenuous suppression of the real facts 
bearing on an important discovery."-TR.A.NSL.A.TOR. 
MISCELLANEOUS WORKS OF DR. YOUNG . . 
The limits prescribed do not permit me even to quote the mere titles 
of all the numerous writings which Dr. Young published. Nevertheless 
the public reading of so rich a catalogue would certainly have sufficed 
to establish the ~elehrity of our colleague. Who would not imagine, in 
fact, that he had before him the register of the labors of several ~tcade­
mies, and not those of a single individual, one hearing, for instance, the 
following list of titles : 
Memoir on the Esta.hlishments where Iron is "\Vrought. 
Essays on Music and Painting. 
Remarks on the Habits of Spiders and the Theory of Fabricius. 
On the Stability of the Archbs of Briuges. 
On the Atmosphere of the Moon. 
Description of a new Species of Opercnlaria. 
Mathematical Theory of Epicyc1oidal Curves. 
Restoration and Translation of different Greek Inscriptions. 
On the Means of Strengthening the Construction of Ships of the Line. 
On the Plu.v of the Heart and of the Arteries in the Phenomena of Circulation. 
Theory of Tides. 
On the Diseases of the Chest. 
On the Friction of the Axes of Machines. 
On the Yellow Fever . 
On the Calculation of Eclipses. 
Essa.ys on Grammar, &c.* 
CHARACTER OF YOUNG-HIS POSITION AS .A. PHYSICIAN-HIS ENGAGE-
MENT ON THE NAUTICAL ALMAN A C-HIS DE.A.'I'H. 
Labors so numerous and varied seem as if they must have required 
the laborious and retired life of that class of men of science, which, to 
say the truth, is beginning to disappear, who from their earliest youth 
separate themselves from . their companions to shnt themselves up com-
pletely in their studies. Thomas Young was, on the contrary, what is 
usually called a man of the world. He constantly frequented the best 
society in London. The graces of his wit, the elegance of his m~nners, 
were amply sufficient to make him remarkable. But when we figure to 
ourselves those numerous assemblies in which fifty different subjects in· 
,. This list, it should be borne in mind, is intended by the author merely as a speci-
men of the vast catalogue which might be made of Young's writings; the reader will 
find am{)le details as to his innumerable productions in Peacock's Life.-TRANSLATOR. 
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turn are skimmed over in a few minutes, we may conceive what value 
would be attached to one who was a true li dng library, from whom every 
one could finu, at a moment, an exact, precise, substantial answer ou 
aU kinds of questions which they coulu propose to him. Young was 
much occupied with the fiue arts. Many of his memoirs testify the pro-
found knowledge which he had happily acquired of the theory of music. 
He carried out also to a great exteut the talent of executing it.; and I 
believe it is certain that of all known instruments, even including the 
Scottish bagpipe, only one or two could be named on which he could 
not play. His taste for painting developed itself during a visit which 
he paid to Germany. There the magnificent collection at Dresden ab-
sorlJed his attention entin~ly ; for he aspired not solely to the easy credit 
of connecting together, without mistake, the name of such or such an 
artist with such or such a painting; the defects and the characteristic 
qualities of the greatest masters, their frequent changes of manner, the 
material objects which they introduced into their works, the modifica-
tions which those objects and the colors underwent in progress of time, 
among other points, occupied him in succession. Young, in one word, 
stuuied painting in Saxony as he had before studied languages in his 
own country, and as he afterward studied the sciences. Everything, 
in fact, was a subject of meditation and research. The university 
contemporaries of the illustrious physicist recalled a laughable instance 
of this trait of his mind. They related that eutering his room one day, 
when for the first time he had taken a lesson in dancing the minuet, at 
Edinburgh, they found him occupied in tracing out minutely with ·the 
rule and compasse~ the route gone through by the two dancers, and the 
different imprm~emeuts of which these figures seemed to him susceptible. 
Young borrowed with happy effect from the sect of the Friends, to 
which he then belonged, the opinion that tile intellectual faculties of 
children differ originally from each other much less than is couunouly 
supposed. "Any man can do what any other man has done," became 
his favorite maxim. And further, never did he personally himself recoil 
before trials of any kind to which he wished to subject his system. The 
first time he mounted a horse in company with the grandson of Mr. Bar-
clay, the horseman who preceded them leaped a high fence. Young 
wished to imitate him, but he fell at ten paces. He remounted without 
saying a word, made a second attempt, was again unseated, but this 
time was not thrown further than on the horse's neck, to which he 
clung. At the third trial the young learner, as his favorite motto taught, 
succeeded in executing what another had done before him.* This experi-
ment need not have been referred to here, but that it had been repeated 
at E<linburgh, aud afterward. at Gottingen, and carried out to a further 
extent beyond what might seem eredil>le. In one of these two cities 
Young soon afterward entered into a trial of skill with a celebrated 
rope-dancer; in tile other, (and in each case the result of a challenge,) 
he acquired the art of executing feats on horseback with remarkable 
skill, even in the midst of consummate artistes, whose feats of agility 
attract e·{ery evening such numerous crowds to the circus of Franconi. 
Thus, those who are fond of <lrawing contrasts may, on the one side, 
represent to themselves the timid Newton,t never riding in a carriage, 
so mueh did the fear of being upset preoccupy him, without holding to 
*This anecdote Hecms at variance with what is stated on the authority of a, Cam-
bridge contemporary of Young in Dr. Peacock's Life, (p. 119,) that he only once there 
attempted to follow the hounds, when a severe fall prevented any further exhibitions 
of the kind.-TRANSLATOR. 
t This practice has been described as that of Newton's, but the motive assigned by 
Arago is novel. 
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both the doors with exten<led arms, and, on the other, his distinguished· 
rival galloping on the backs of two horses with all the confidence of an 
equestrian by profession. 
In England, a physician, if he does not wish to lose the confidence of 
the public, ought to abstain from occupying himself with any' scientific 
or literary research which may be thought foreign to the art of curing 
diseases. Young for a long time di(l homage to this prt{jutlice. His 
writings appeared under an anonymons 'Teil. This veil, it is true, was 
very transparent. Two consecutiYe letters of a certain Latin motto 
served successively in regula\ order as the signature to each memoir . 
. But Young communicated the three Latin words to all his friends l>oth 
in his own country and abroad, without enjoining secrecy on any one. 
Besides, who would be ignorant that the distingnished author of the 
theory of interferences was the foreign secretary of the Royal Society 
of London ; that he gave in the theater of the Royal Institution a course 
of lectures on mathematical physics; that, associated with Sir H. Davy, 
he pnbli8hed a journal of the sciences, &c.¥ And, moreover, we must say 
that his anon.vmous disguise was not rigorously observed even in his 
, smaller memoirs; and on important oecasions, when, for instance, in 
1807, the two Yolumes in quarto appeared, of 800 or 900 pages each, in 
which all branches of natural philosophy were treated in a manner so 
new and profound, the self-love of the author made him forget the in-
terests of the physician, and the name of Young in larg·e letters replaced 
the two small italics, ·whose series was then terminated, and which 
would have figured in a rather ridiculous manner in the title-page of 
this colossal work. 
Young had not then, as a physician, either in J.Jondon or at Worthing, 
where he passed the sea-bathing season, any extended practice. The 
. public found him, in fact,. too scientific. vVe must also avow that his 
public lectures on medicine, those for instance which he delivered at 
St. George's Hospital, were generally but ill-attcuded. It has been said, 
to explain this, that his lectures were too dry, too full of matter, and 
that they were beyond the apprehension of ordinary understandings. 
But might not the want of success be rather ascribed to the freedom, 
not very common, with which Young pointed out the inextricable diffi-
culties which encounter us at every step in the study of tltc numerous 
disorders of our frail machine ~ 
Would any one expect at Paris, and especially in an age when every 
one seeks to attain his end quickly and without labor, that a professor 
of the faculty would retain many auditors if he were to commence with 
these words, which I borrow literally fi'om Dr. Youug: "No study is 
so complicated as that of medicine; it exceeds the limits of human in-
telligence. Those physicians who precipitately go on without trying to 
comprehend what they observe, are often just as much advanced as 
those who give themselves up to generalizations hastil,y made on obser-
vations in regard to which all analogy is at fault." And if the profes-
s..or, continuing in the same style, should add, "In the lottery of medi-
cine the chances of the possessor of ten tickets must evidently be greater 
than those of the possessor of five," when they believed themselves en-
gaged in a lottery, would those of his auditors whom the first phrase 
had not driven away be at all disposed to make any great efi'orts to 
procure for themselves more tickets, or, to explain the meaning of our 
professor, the greatest amount of knowledge possible~ 
In spite of his knowledge, perhaps even from tbe very cause that it 
wa:-:; so extensive, Young was totally wanting in confidence at the bed-
side of the patient. Then the mischievous effects which might event-
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ually result from the action of the medicine, even the most clearly 
called for, presented themselves in a mass to his mind; seemed to coun-
terbalance the favorable chances which might attend the use of them; 
and thus threw him into a state of indecision, no doubt very natural, 
yet on which the public will always put an unfavorable construction. 
The same timidity showed itself in all the works of Young which treated 
on medical subjects.* This man, so eminently remarkable for the bold-
ness of his scientific conceptions, gives hrre no more than a bare enumera-
tion of facts. He seems hardly convinced of the soundness of his 
thesis, either when be attacks the celeurated Dr. Radcliffe, whose whole 
secret in the most brilliant and successful practice was, as he has him-
self said, to employ remedies exactly the reverse of the usual way; or 
when he combats Dr. Brown, who found himself, as he says, in the dis-
agreeable necessity of recognizing, and that in accordance with the offi-
cial documeuts of an hospital, attended by the most eminent physicians, 
that, on the average, fevers left to their natural course are neither more 
seyere nor of lon·ger duration than those treated by the best methods. 
In 1818 Young, having been named secretary to the Board of Longi-
tude, abandoned entirely the practice of medicine to give himself up to 
the close superintendence of the celebrated periodical work known 
under the name of the Nautical Almanac. From tllis elate the Journal 
of the Royal Institution gave every quarter his numerous dissertatio11s 
on the most important problems of navigation and astronomy. A Yol-
ume entitled "Illustration of the Mecanique Celeste of Laplace," a scien-
tific discussion on the tides, amply attested that Young did not consider 
the employment he had accepted as a sinecure. This employment be-
came, nevertheless, to him a source of unceasing disgust. The Nautical 
Almanac had always been, from it1; commencement, a work exclusi,Tely 
destined to the service of the navy. Some persons demanded that it 
ought to be made, besides, a complete astronomical ephemeris. The 
Board of Longitude, whether right or wrong, not having shown itself a 
stroug partisan of tlle projected change, found itself suddenly the objeet 
of the most violent attacks. The journals of every party, whig or tory, 
took part in the conflict. 
We were no longer to view it as a union of such men as Davy, Wol-
laston, Young, Herschel, Kater, and Pond, but an assembly of individ-
uals (I quote the words) "who obeyed a Bmotian influence." The 
Nautical Almanac, hitherto so renowneu, was now declared to have be-
come an o~ject of shame to the English nation. If an error of the 
press was uiscovered, such as there must be in any collection of figures 
at all voluminous, the British navy, from the smallest bark up to the 
colossal three-decker, misled by an incorrect figure, would all together 
be engulfed in the ocEan, &c. 
It has been pretended that the principal promoter of these foolish 
exaggerations did not perceive such foolish errors in the Nautical 
Almanac until after he had unsnceessfnlly attempted l1imself to obtain 
a place in the Board of Longitude. I know not whether the fact was 
so. In any case, I would not make myself the echo of tlle malicious 
commentaries to which it gave rise. I ought not to forget, in fact, that 
*This ti mi<li ty in mcdicu,l speculation is entirely borne out by the tenor of Young's 
intellectual character, as exhibited in such forcible lineaments in the portrait presented 
to us by Dr. Peacock. B is mind was essentially cast in a matter-of-fact, pesiti ve, demon-
stmtive mold; hence all subjects of abstract or donbtful inquiry, in which probauilities 
alone could be cstimatetl, or when the conclusions were to be the result of moral dis-
crimination, were utterly unsuited to him. His medical character has been viewed, 
however, in a much higher light by Dr. Peacock, who has sought to combat the un-
frtvorable impressionR hero advanced. (See especially pp. 213, 222.)-TRANSLATOR. 
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for many years past tha,t member of the Royal Society to whom I allude 
bas nobly devoted a part of his large fortune to the advancement of 
science. This commendable astronomer, like all men of science whose 
thoughts are concentrated on one sole object, fell into the error, which 
1 do not pretend to excuse, of measuring through a magnifying-glass 
the importance of the projects he bad conceived. But that with which, 
abo-ve all, he must be reproached is, that he did not foresee that the 
hyperbolic language of his attacks would be taken literally; that he 
forgot that at all epochs and in all countries t.here are a great num her 
of persons who, having nothing to console them for their littleness, seize 
as a prey on all occasions of scandal, and, under the mask of zeal for 
th~ public good, enjoy the delight of being ignoble defamers of those of 
their contemporaries whose success has been proclaimed by fame. ln 
Rome, he whose office it was to insult the triumphant conqueror was 
altogether a slave; in London it was a member of the House of Com-
mons from whom the men of science received a cruel affront. An orator 
notorious for his prejudices, lmt who had hitherto vented his bitterness 
only against productions of _French origin, attacked tbe most celebrated 
names in England, and retailed against them, in open Parliament, 
puerile accusations with a laughable gravity. Ministers, whose elo-
quence was exercised for hours on the privileges of a rotten borough, 
did not pronounce a single word in favor of genius. The Board of 
Longitude was suppressed without opposition. The next day, it is true, 
the wants of an innumerable marine service made their imperative voice 
heard, and one of the men of scieuce who had been displaced, the former 
secretary of the board, Dr. Young, found himself recalled to his old 
labors. Paltry reparation! Would the man of science feel less the 
separation from his illustrious colleagues? ·vvould the man of feeling 
less perceive that the noble fruits of human intellect were subjected to 
tariff by the representatives of the country, in pounds, shillings, and 
pence, like sugar, pepper, or cinnamon °? 
~be health of our colleague, which had already become somewhat 
precarious, declined from this sad epoch with fearful rapidHy. Skillful 
physicians, by whom he was attended, soon lost hope. Young himself 
had a consciousness that his end was approaching, and saw it come with 
an admirable calmness. Until his last hour he occupied himself with-
out intermission on an Egyptian dictionary then in the press, and which 
was not published till after his death. When his powers did not permit 
him any longer tp sit up or to employ a pen, he corrected the proofs 
with a pencil. One of the last acts of his life was to exact the sup-
pression of a small publication written with talent by a friendly hand, 
and directed against all those who had contributed to the destruction of 
the Board of Longitude.* Young died surrounded_ by a family by whom 
* The whole account of the transact.ions eonneeted with the abolition of the Board 
of Longitude must be received with some qualifieation. Amgo writes on the subject 
in his usual vehement tone, and in the feeling in which the whole afti1ir would 
naturally be viewed by a foreigner perhaps not intimately acquainted with the 
minute points of the case, and the somewhat different relative position occupied by 
tbe parties in England to that in which they migbt stand in France. It may be right 
very briefly to point out a few particulars in the case, which are necessary for forming 
a correct impression of it. The Board of Longitude, originally instituted, as its name 
implied, for one specific object, which it was considered had been sufficiently attained, 
was, in 181R, remodeled by act of Parliament, when Dr. Young was appointed secre-
tary to the board and superintendent of the Nautical Almanac. The late Mr. F. Baily, 
whose eminence in astronomical science may perhaps be dated from tbat event, ' 
strongly pointed out the numerous defects of the.Nantical Almanac. This led to some 
controversy of rather a sharp natnre between h1mself and Dr. Young, who defended 
the existing s,ystem. Other astronomers joined in the desire for these and even more 
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he was adored, May 10, 182!), barely at the age of fifty-six. Examina-
tion showed that he suffered from ossification of the aorta. 
I have not dwelt too long on the task imposed on me if I have brought 
out, as I wished to do, the importance and novelty of the admirt:t.ble law 
extensive improvements, all which (with one slight concession) were steadily opposed 
by Dr. Young. Among these advocates for reform were several members of the board 
itself, who urged them at its meetings. There was also a very prevalent impression, 
even among its own members, that the board was not well constituted, and migllt 
have been capable of much better service to the nation if its functions were less re-
stricted and the selection of its mem hers placed on a better footing. In other q uar-
ters impressions unfavorab]e to its utility were prevalent, and it can hardly be matter 
of surprise that, when the board was itself divided in opinion, the public or the legis-
lature should entertain doubts of its utility, or even hostile feelings toward it. What 
were the precise notions of the government, or the machinations by which they were 
influenced, it is impossible to say; but it is certain that, in 1828, chiefly through the 
influence of :\1r. Croker, its dissolution was determined upon and carried by act of 
Parliament without any opposition being attempted. Instead, however, of an enlarged 
board, with increased powers, three scientific allvisers oftl10 admiralty were appointed, 
of whom Dr. Yonng was one, retaining the superintendence of the Nnutical Almanac-
a system whicll has been since remodeled, in accordance with the report of a committee 
appointed out of the Astronomical Society. 
Dr. Young appears all along to !lave been affected only by the personal acrimony of 
some of the attacks upon himself in relation to the editorship of the Nan tical Almanac, 
and not at all Ly any feeling for the Board of Longitude, as Arago would. regard it. 
That hoard, as already observed, was divided against itself, and. it therefore fell. It 
was never upheld on the only right ground. Neither the board nor the friends of 
science sufficiently urged the strong and irresistible claims which they might have 
preferred to the government of the conn try, tha,t "a council of science," with extended 
powers, properly selected and adequately remunerated, would be the appropriate ad-
junct of tile government of a country all whose resources are so powerfully developed 
in exclusive d.ependence on the applications of science. 
Tbe government would thus have had the means of sound scientific advice con-
stantly at hand, of which experience proves they are in daily want on every emer-
gency, and. which they obtain by asking the gratuitous services of men of science, and 
the Crown would have possesse<.l the means of making a graceful ackno,vledgmcnt of 
the services, and. paying a just tribute to the genius of men devoted to the higher 
branches of the abstract sciences, which are of a nature incapable of themselves of 
aftordiug any kind of remune.::ation, or, in the ordinary course, leading to any of those 
honors or preferments which await eminence in other professions.-THANSLATOR. 
The reader may be referred, for details of the questions here. considered, to the fol-
lowing documents: 
1. "Astronomica1 Tables and Remarks for 1822; published December, 1821," by F. 
Baily, esq., with •' Remal:ks on the present defective state of the Nautical Almanac." 
2. A reply to these remarks appeared in Mr. Brande's Quarterly Journal of Science, 
April, 182~. (Attributed to Dr. Young.) 
3. Practical observations on the Nautical Almanac, &c., by James South, F.R.S., 
182:l. 
4. Reply to a letter in the Morning Chronicle relative to the government and astro-
nomical science, &c., by the same. 1829. 
5. Refutation of misstatements, &c., in a paper presented to the admiralty by Dr. T. 
Young, aml printed by O).'cler of the House of Commons, by the same. 1829. 
6. :Further remarks on the present defective state of the Nautical Almanac, &c., by 
F. Baily, esq., F. R. S., &c. 1829. 
7. Report of the committee of the Astronomical Society relative to the improvement 
of the Nautical Almanac, adopted by the council of the society, and approved and 
ordered to be carried into e-ffect by the lords commissioners of the admiralty, 1ti30. 
(Memoirs of the Astronomical Society, vol. iv, p. 447.) 
8. A motion was made in the House of Commons February 23, 1829, for certain 
returns respectiug the Board of Longitude and the Nautical Almanac, &c. There-
turns were made and printed, consisting of: 1. A memorandum of a statement made 
to the chancellor of the exchequer for reforming the Nautical Almanac and estab-
lishment of a new Board of Longitude. 2. A paper read at the boanl by J. Herschel, 
esq. 3. A report on a memorandum, &c., by Thomas Young, M.D. In the last, Dr. 
Young makes answer to what he considers oiJjections raised in the" Memorandum," and 
also replies to those of Mr. Baily and Mr. South. Sir J. South's pamphlet contains 
tl.Je Memorandum, the objections raised or inferred by Dr. Young, his replies to them; 
all which are severely criticised. At page 60 is a curious account of some discussions 
at Sir H. Davy's soiree, between Sir J. South and Dr. Young. 
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of interferences. Young is now placed before ~your eyes as one of the 
most illustrious men of science, in whom England may justly take pride. 
Your thoughts, anticipating my words, may perhaps perceive already, 
in the recital of the just honors shown to the author of so beautiful a 
discovery, the peroration of this historical notice. These anticipations, 
I regret to say, will not be realized. The death of Young has in his own 
country created very little sensation. The doors of Westminster* Ab-
bey, so easily accessible to titled mediocrity, remained shut upon a man 
of genius, who was not even a baronet. It was in the village of Farn-
borough. in the modest tomb of the family of his wife, that the remains of 
Thomas Young were deposited. The inditference of the English nation 
for those scientific labors which ought to add so much to its glory is a rare 
anomaly, of which it would be curious to trace the causes. I should he 
wanting in frankness, I should be the panegyrist, not the historian, if I 
did not avow that, in general, Young did not sufficiently accommodate 
himself to the capaci~y of his readers; that the greater part of the writ-
ings for which the sciences are indebted to him are justly chargeable 
with a certain obscurity. But the neglect to which tbey were long con-
signed did not depen<l solely on this cause. 
The exact sciences have an advantage over the works of art or imagi-
nation whieh has often been pointed ont. The truths of which they 
consist remain constant through ages wit.hout suffering in any respect 
from the caprices of fashion or the decline of taRte; but thus, when 
once these researches rise into more elevated regions of thought, on how 
many competent judges of their merits can we reckon '? vVhen Richelieu 
let loose against the great Corneille a crowd of that class of men whom 
envy of the merit, of others renders furious, the Parisians vehemently 
hissed the partisans of the despot cardinal, and applauded the poet. 
This reparation is denied to the geometer, the astronomer, or the physi-
cist who cultivates the highest parts of science. Tlwse who even com-
petentl.v appreciate them throughout the whole extent of Europe never 
rise above the number of eight or ten. Imagine these unjust, indifferent, 
or even jealous, (for I suppose that may sometimes be the case,) and the 
public, reduced to · believe on hearsay; would be ignorant that D'Alem-
bert had connected the great phenomenon of precession of equinoxes 
with the principle of universal gravitation; that Lagrange bad arrived 
at the discovery of the physical cause of the libration of the moon; 
that since the researches of Laplace, the acceleration of the motion of 
that luminary is found to be connected vvith 2; particular change in the 
form of the earth's orbit, &c. The journals of science, when they are 
edited by men of recognized merit, thus acquire, on certain subjects, 
an influence which sometimes becomes fatal. It is thus, I conceive, that 
we may describe the influence which the Edinbln•gh l{eview bas some-
times exercised. Among the contributors to that celebrated journal at 
its commencement, a yonug writer was emiuently distinguished, in whom 
the discoveries of Newton had inspired an ardent admiration. This 
sentiment, so natural, so legitimate, unfortunately led him to miscon-
ceive the plausible, ingenious, and fertile character of the . doctrine of 
interferences. Tlw au.thor of this theory had not, perhaps, always taken 
care to clothe his decisions, his statements, his critiques, with those 
more polished forms of expression the claims of which ought never to 
* The frequenters of Poet's Corner neecl not be reminded that literature and science 
are not excluded from their share of funereal honors in \Vestminster Abbey. M. Arago 
here, as in some other passages, may naturally be a little incorrect in referring to 
national usages. The delay which occurred in regard to Young's monument is, bow-
ever, not fully explained by Dean Peacock. (See Life of Young, p. 465.)-ll'HANSLATOR. 
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be neglected, and which; moreover, became a matter of imperative duty 
when the question referred to the immortal author of the Natural Phi-
losophy,* (the Principia?) The penalty of retaliation was applied to him 
*It seems impossible to make this sentence intelligible, unless we suppose the" im-
mortal author" spoken of to be Newton, and by consequence that the thleNatuml Philos-
ophy was a slip of the writer's pen for P1·incipia. Yet the supposition that the hostility 
of the Edinburgh Heview was at all called forth by any want of courtesy toward New-
ton in the writings of Young is wholly unsupported by n.nything in Young's papers, 
in which he cites the views of Newton with the g-reatest respect.-THANSLATOR. 
Newton's Bupport of th e emission theory of light.-The authority of names can never be 
of any avail to the truly inductive pllilosopher ; his motto is emphatically "nullius in 
tJerba." Bnt t.here has been always a propensity among writers on the subject to dwell 
on such authority, and to array great names on either side of any of those controverted 
points wl-.ich have divided the scientific world. Perhaps, where the question is purely 
one of opinion, and refers simply to hypotheses upheld for what they are worth as 
such, the weight of a name may not be unworthy of due estimation: great experience 
and high genius may add Yalue to a pure hypothesis, though it could not to a positive 
conclusion. In regard to theories of light this has been conspicuously exemplified, and 
during a long continuance of controversial discussion it has been a matter of triumph 
to the opponents of the undulatory theory that the authority of Newton is on their 
side. And even Ara.go, as well as some other supporters of it, have spoken as if regret-
ting that they were thus constrained to put themselves in antagonism to Newton. 
They have pictured two rival theories, the one headed by Newton and supported by 
Laplace, Biot, Brewster, and Potter; the other upheld in opposition to them by Huy-
ghens, Hooke, Euler, Fresnel, Young, Airy, and all the Cambridge school. · 
But a very slight inquiry into the real facts entirely dispels this view of the case. In 
particular, Dr. Young himself, in proposing his 1 heory, so far from opposinf? theN ewto-
nian views, expressly endeavors to conciliate attention by claiming the wmght of New-
ton's u,uthority on his own side; thus, in his paper "On the theory of light and colors," 
(Phil. Trans., 1801,) he commences by highly extolling the optical res~arches of New-
ton, and then observes, "Those who are u,ttacherl, as they mu,y be, with the greatest 
justice, to every doctrine which is stamped with the Newtonian approbation, will proba-
bly be disposed to bestow on these considerations ( i. e., his own views) so much the 
more of their attention as they shall appear to coincide more nearly with Newton's 
opinion." He then proceeds to examine in detail a number of passages from Newton's 
writings, in which the theory of waves is disti'nctly upheld and even applied with some 
precision to the explanation of various phenomena of light, illustrated by their analo-
gies to t.hose of sound. 
It is perfectly true t.bat Newton. in the actual investigation of several phenomena of 
light, adopts other hypotheses than those of waves, and chiefly the idea of light 
("'hatever may be its nature) being subject to certain a.ttractions and repulsions, to 
certain bendings when approaching near the edges of solid bodies, to certain peculiar 
modifications or cllanges in its nature recurring periodically at certain minute inter-
vals along the length of a ray, to the idea of a ray hu,ving "sides " •endued with dif-
ferent properties; in a word, a variety of conceptions which he introduces for the pur-
pose of giving some ldnd of imaginary physical representation of the modus operandi in 
each of the several curious experimental cases which be llad examined. In u,ll these 
there is no unity or community of princi11le; there is at least nothing like the spirit of 
theory, no continual reeurrence to one leading idea, no perpetual appeal to any one 
principle, however imagiuary, but an attempt in each isolated case to frame something 
like :m isolated hypothesis to suit it, and in some way to represent its phenomena, 
though without any attempt to connect them with the others. It may perhaps be said 
that all these various suppositions agree in supposing light to be matenal, to be some-
thing emitted from the luminous source. But on a closer examination it seems far 
from certain that oven this can be maintained. The only part of these investigations, 
1)erhaps, in which anything very positive of this kind is distinctly introduced, is when 
Newton investigates the laws of refraction on the express supposition of small mole-
cules attracted by the molecules of the medium. But in this instance it has been truly 
observed tllat, at the time when Newton wrote, no mathematical method existed by 
which this kind of action could be reduced to calculation, except those involving the 
action of attractive force. To give, then, a mathematical theory of ordinary reflection 
and refraction, he was necessitated to make use of t.his method. When he came to in-
vestigate those more recondite phenomena which he (very appropriately to their ap-
pm·ent natnre) called "inflection," the idea most naturally and obviously presented was, 
that some power or influence, analogous to attraction aud repulsion, existing in the 
edge of an opaque body to bend out of their course mys passing very near it, and this 
might seem to imply the materiality of those rays. A kind of alternating action of this 
sort, which he imagined necessary to account for a part of the effect, would, however, 
hardly be reconcilable to the idea of direct emission. It would bo a difficult matter 
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with interest; the Edinburgh Review attacked the man of erudition, 
the writer, the geometer, the experimenter, with a vehemence, with a 
severity of expression; almost without example in scientific discussion. 
The public usually keep on their guard when such violent language is 
addressed to them; but in this instance they adopted, at the first onset, 
the opinions of the journalist, in which we cannot fairly accuse them of in-
considerateness. The journalist, in fact, was not one of those unfledged 
critics whose mission is not justified by any previous stud:y of the sub-
ject. Several good papers, received by the Royal Society, had attested 
his mathematical knowledge, and had assigned him a distingni.shed 
place among the physicists to whom optical science was indebted; the 
profession of the bar in London had acknowledged him one of its shin-
ing luminaries; the whig section of the House of Commons saw in him 
an efficient orator, who, iu parliamentary struggles, was often the happy 
antagonist of Canning. This was the future president of the House of 
Peers-the present lord chancellor.* How could opposition be offered 
to unjust criticisms proceeding from so high a quarter~ I am not igno-
rant what firmness some minds ~njoy in the consciousness of their being 
ip the right, in the certainty that sooner or later truth will triumph; 
but I know, also, that we shall act wisely in not reckoning too much on 
such exceptions. Listen, for example, to Galileo himself, repeating in 
a whisper, after his abjuration, "E pur si muove!" and do not seek in 
these immortal words an augur,y for the future, for they are but the ex-
pression of the cruel vexation which the illustrious old man experienced. 
Young, also, in writing a few pages which he published as an answer to 
the Edinburgh Review, showed himself deeply discouraged. The 
vivacity, the vehemence of his expressions, ill concealed the sentiment 
which oppressed .him. In a word, let us hasten to say that justice, com-
plete justice, was at length rendered to the great physicist. After sev-
eral ye:us the whole world recognized in him one of the brightest lumi-
to conceive particles darted through space with such inconceivable velocity as must 
belong to those of light, and yet stopping to wave about, in and out, as Newton ex- , 
presses it, "like an eel," close to the edge of a body, by virtue of some mysterious in-
fluence which it exercises upon them. 
Again: the theory of t,hose alternating states, conditions, or "fits," as he termed 
them, at such minute intervals along the length of ray, alternately putting it in a state 
to be reflP,cted, and again to be transmitted by a transparent medium, seem very remote 
from the idea of a single rectilinear progress of molecules through space following one 
another at immense intervals of distance, though in inconceivably Tapid succession in 
time. It would be easy to extend such remarks; bnt it will probably be seen, with 
sufficient evidence for our present purpose, that neither in profession nor in fa,ct can 
Newton's name be appealed to as at all an exclusive supporter of the material hypoth-
esis of light, even if in other passages he had not distinctly referred to that of undu-
lations; and of these references a large number are quoted from different portions of 
his writings by Dr. Young in the paper above cited. Iu some of these, while be ad-
mits the readiness with which the idea of waves represents the phenomena, he yet 
' dwells on certain apparent objections which seemed to invalidate that idea. 
Upon the whole, it appears that the name of Newton can in no way be legitimately 
claimed as a partisan of either theory. Indeed, it is surprising that any claim of the 
kind could have been set up as regards the emission theory, after his own distinct 
avowal: 
"'Tis true, that from theory I argue the corporeity of light; but I do it without any 
absolute positiveness, as the word 'perhaps' intimates; and make it a,t most but a very 
plausible consequence of the doctrine, and not a fundamental supposition, nor so much 
as any part of it."-(Phil. Trans., vol. x, 1675, p. 5086.) 
While in respect to either hypothesis, it is sufficiently evident to those acquainted 
with his writings that he never systematically upheld either the one or the other; bnt 
from time to time, as each particular investigation seemed to require, he adopted the 
one or the other principle, just as it seemed to give the more ready explanation of the 
point before him.-TRANSLATOR. 
*Lord Brougham, who held that office when this biography was written. 
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naries of the age. It is from France (and Young took pleasure in him-
self proclaiming it) that the first sign of this tardy reparation showed 
itself. I will adu that, at au epoch considerably before the doctrine of in-
terferences bad maue conYerts either in England or on the Continent, 
Young found within his own family circle one who comprehended it, 
and whose assent to it might well console him for the neglect of the 
pubhc. The distinguished person whom I here point out to the notice 
of the ph:vsicists of Europe will excuse me if I complete this indiscre-
tion by stating the circumstances. In the year 1816 I made a tour in 
England with my scientific friend, M. Gay-Lussac. Fresnel had just 
then entered on his scientific career in the most brilliant manner by the 
publication of Lis memoir on diffraction. This work, which, in our opin-
ion, contained a capital experiment irreconcilable with the Newtonian 
theory of light, became natura11y the first subject of our discussion with 
Dr.'Yonng. We were astonished at the numerous qualifications which 
he put upon our praises of it, until at length he stated to us that the very 
experiment which we so much commended had been published, so long 
since as 1807, in his treatise on Natural Philosophy. This assertion did 
not seem to us well founded. It caused a long and minute discussion. 
Mrs. Young \vas present, without appearing to take any part in the con-
Yersation; but we imagined that the weak fear of being designated by 
the ridiculous sobriquet of bas-bleu rendered the ladies of England very 
reserved in the presence of foreigners, and our want of discernment did 
not strike us till the moment when Mrs. Young quickly quitted her place; 
we then began to attempt excuses to her husband, until we saw her re-
enter the room carrying under her arm a large quarto volume. This 
was the first volume of the Natural Philosophy. She placed it on the 
table, and without saying a word opened it at page 787, awl pointed with 
her finger to a diagram in which the curdlinear route of the diffracted 
bands, on which the discussion turned, was theoretically established. 
I trust I shall be pardoned these little details. Too numerous exam-
ples may almost have habituated the public to consider destitution, in-
justice, persecution, and misery as the natural wages of those who devote 
their vigils to the development of the human mind. Let us not, then, 
forget to point out the exceptions whenever they present themselves. 
If we wish that youth should give itself up with ardor to intellectual 
labors, let us show them that the glory attached to great discoveries 
allies itself, sometimes at least, with some degree of tranquillity and 
happiness. Let us even withdraw, if it be possible, from the history of 
science so many pages which tarnish its glory. Let us try to persuade 
ourselves that in the dungeons of the inquisitors a friendly voice had 
causeu Galileo to hear some of the delightful expressions which posterity 
bas kept sacred for his memory; that behind the thick walls of the 
Bastile, Freret might yet have learned from the world of science the 
glorious rank which it had reserved for him among the men of erudition, 
whom France honors; that before going to die in a hospital, Borelli 
had found sometimes in the city of Rome a shelter against tho inclem-
enC,'\' of the atmosphere, and a little straw on whiqh to lay his head; 
and, lastly, that the great Kepler had not experienced the sufferings of 
hunger. 
NOTE BY TITE AUTITOR.-The journals having done me the honor to 
mention sometimes the numerous testimonies of good-will and friend-
ship which Lord Brougham had shown me in 1834, as well in Scotland 
as in Paris, a word or two of explanation here seems indispensable. 
The 6loge of Dr. Young was read at a public sitting of the Academy of 
Sciences, ~ovember 26, 1832. At this period I had never had any per· 
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sonal acquaintance with the writer in the Edinburgh Review, and thus 
all charge of ingratitude must fall t~o the ground. But could you not, 
some might perhaps say, have suppressed entirely, when your paper was 
going to tlte press, all that related to so uufortunate a controversy ~ I 
could have done so, and in fact the idea had occurred to me; but I soon 
renounced it. I know too well the elevated feelings of my illustrious 
friend to fear that he will take offense at my frankness in regard to 
a question on which I have profound conviction that the great extent of 
his genius has not preserved him from error. The homage which I 
render to the noble character of Lord Brougham, in now publishing this 
passage of the eloge of Young without any modification, is, in my mind, 
sufficiently significant to render it needless to add a word more. 
~fEn10IR OF AUG·USTE BRAVAIS.* 
BY M. ELIE DE BEAUMONT, 
Perpetual Secretary of the Ji',·ench Academy of Sciences. 
[Translated for the Smithsonian Institution by C. A. Alcxancler.] 
One of the highest gifts of the human intellect is to lift itself to the 
contemplation of the future; to enjoy in advance the benefits which it 
prepares for the after-races of mankind; to feel itself already recom-
pensed for long aiHl laborious efforts by the thought that a measure of 
glory will, some day, encircle a name which is still unknown . 
. It is your noble privilege, members of the .Academy, to pay this tribute 
of the future ; to discharge by anticipation the debt bequeathed to 
posterity, especially in the case of those wlwm an untimely death bas 
precluded from the enjoyment of their success; and when a saYant, 
prematurely snatched away from his studies, leaves works as yet but 
little known, though well worthy of being so, works deprived of the 
brilliant retinue with which he would in good time haYe surrounded 
them, these arc orphans the guardianship of which peculiarly belongs 
to you. Such are the moti\Tes which have determined your administra-
tive committee to call your attention to-day to a colleague who, struck 
down in your ranks almost at the moment when he bad jnst entered 
them, will lea\'C in several branches of the sciences ineffaceable traces 
through tile labors by which he had earned your suffrages. 
Auguste Bravais was born .August 23, 1811, at .Anuonay, in the de-
partment of .A .. rdeche. llis paternal family sprang from the neighboring 
town of Saiut-P eray, where it had enjoyed for several centuries the con-
sideration and esteem which have, in all ages, ueen associated with long 
traditions of honor and loyalty. His father, born in 17G4, had completed 
his scientific studies at l\lontpellier, where he had been preparator for 
the chemical courses of Ohaptal, and had received the degree of doctor 
of medicine in 1790. Devoted to natural history, he had successively 
solicited permission to take part in the two expeditions sent in1791 and 
1792 in search of J..Ja Perouse, but had been stopped by different obsta.-
cles1 and finally by the opposition of his family, alarmed at the first 
symptoms of the Hevolution, by which, like so many others, it was se-
verely tried. \Vhen tranquillity reappeared Dr. Braxais established 
himself at Annonay, a small town picturesquely situated at the entrance 
of one of the gorges of the Vivarais, known for its manufactures of 
paper and for having been the country of the celebrated l\fontgolfier. 
Here be \\'as soon recognized as an excellent practitioner, and for forty 
years exercised gratuitously the functions of physician of the hospital. 
With his de\rotion to the sick and to the welfare of his fellow-citizens 
was alwa~Ts allied in Dr. Bravais an enthusiastic love of botany. He 
undertook a flora of the Oevennes and Alps, and maintained a constant 
correspondence and commerce of exchanges with the most distinguished 
botanists of Paris and 1\fontpellier. It was in this way that he received 
lO S "Read at tho annual public sitting of the 6th February, 1865. 
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one day the seeds of the Dahlia, a plant then new to Europe, and to him 
is due the introduction of that fine flower into the center of France. 
Dr. Bravais had become one of the most considerable men of Anno-
nay, when he espoused, early in the century, an estimable member of 
the ancient auu noble family of Thome, which had given counsellors to 
the parliaments of Paris and Grenoble and a lieutenant general to the 
armies of the King. A few years saw him surrounded with a family of 
four sons and a daughter, of whom the youngest of the sons was our 
future colleague, Auguste Bravais. Their mother died shortly after the 
birth of her daughter, and neither she nor the little Auguste could re-
member having seen her. .Feeling the approach of death, the thoughts 
of Madame Bravais dwelt chiefly on her children, and having long re-
marked the piety and pure sentiments of one of the female members of 
her household, she drew from this person a promise· not to quit them. 
Never was confidence better bestowed. The excellent creature remained 
forty years in the bouse, and from her the two infants yet in the cradle 
received, with the maternal care demanded by their age, those first im-
pressions of childhood which are never effaced. The rapid development 
of their intelligence reflected honor on hers. At the age of three years 
Auguste could read, without its being well known how be had learned 
to do so, and there was for him no greater enjoyment than to gather with 
his sister the flowers, the pebbles, the insects of brilliant colors, which 
attracted not,ice in their rambles; these were tlle to,ys of their childish 
yea,rs. 
They were soon capable of following the excursions of their elder 
brothers, whom they had seen bringing back every day o~jects \vhich 
stimulated their curiosity. When his occupations permitted, Dr. Bra-
vais himself eonducted these explorations. It was a tonehing tableau, 
that of this young family hcrborizing, classifying plants, insects, min-
erals, under the eye . and direetion of its head, at once father and pro-
fessor, whose soul, profoundly religious, habitually lifted that of the 
youthful naturalists to the Author of creation. His mind, at once acute 
and playful, was well qualified to render attractive the explanations sug-
gested to him by the collections of the day, with which be frequently 
mingled classic. citations suited to stimulate his children in their studies; 
for it was his good fortune to have himself received, among the Orato-
rians, a solid instruction which contributed to the happiness of his life 
and finally conferred consolation on his honored and serene old age. 
The memor,y of this man of worth is still held in veneration at An-
nonay, where more than one of its workmen may even now be seen in-
stinetively to raise his hat on passing before his uninhabited mansion. 
His children, ·while following their different tendencies, preserved the 
impressions of their first education. Auguste manifested in good sea-
son a turn for observation, and a decided inclination for indulging it. 
vVhen yet a child, he was attentive to atmospheric phenomena. He 
might have been seen descending of a morning to the terrace, there to 
observe the sky, the wind, the clouds. Still later, when become a little 
more learned, he would establish of an evening his observ·atory on the 
balcony, and point out to the as.sembled family a thousand phenomena 
which without him would have passed unperceived, the effects of cer 
tain rays of the setting sun; the moon with the accidents of light which 
environ it; the rainbows, the halos, in which he knew not as yet that he 
should one day find a title to celebrity. 
The paternal residence bad for its horizon a mountain of n10derate 
height, yet sufficient to serve, as we say, for a barometer. It is called 
the Roche de Vent. The clouds heaped themselves around it, the snow 
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left its traces, mists sometimes visited it. It. played no indifferent part 
in this childish existence. Conducted thither by his father and broth-
ers, it became the poirit to which his yet n~rrow observations and ex-
peditions were directed, though it required four or five hours to ascend 
nnd return. llis. ambition, however, soared much higher when be s::tw 
his brothers return from the Pilat, a mountain well known to naturalists, 
bringi1ig thence new flowers, unknown insects, ::wd heard them describe 
the splendors of the sun rising behind J\Iont Blanc. He was not ten 
years old, and five or six hours were necessary to reach t.lw summit. 
Yet, having well pondered his plans, he departs alone one morning, deter-
mined that he also would sleep ou the mountain top, and collect its 
plants, its stones, its iusects. His absence excited little inquietude at 
home, for the sagacity with which he was accustomed to explore the 
complicated recesses of the mountains of the Vivarais was well known; 
aU<l, iu fact, he returned safely the next morning with the objects 
which he had coveted, having drunk at the source of the Gier and seen 
the suu rise behind .Mont Blanc, throwing into magnificent perspective 
the long chain of the Alps. Here we see the embryo adventurer des-
tined one day to climb the perilous heights of Mont Blanc itself. 
Habits of meditation early announced the aptness which he was to 
exert at a later period in the advancement of science. Those who fre-
quented the paternal mansion remember having often met a child 
apparently absorbed in profound reflection, and who, to the inquiries 
which he excited, would naively answer: I am thinking. And, indeed, 
so active and fruitful was this habit of thought that at the age of four-
teen he had completed all the classical and literary courses of the Col-
lege of Annonay. His father now thought proper to send him to Paris, 
that he might devote a year to rhetoric and another to philosophy in 
the College of Stanislas. The young Auguste carried thither habits of 
obedience and.modest,y which did .not prevent him to be an indocile 
pupil. IIe pursaed with the utmost exactness the prescribed studies, 
aud succeeded in acquiring that pure, clear, and precise style which 
is the usual index of a good education ; but he did not evince for classi-
cal studies the ardor for which the premiums at the end of the year are 
reserved. His predilections were directed els~where. Some books, 
hidden at the bottom of his trunk, had escaped notice. These were 
'works on mathematics; and these he found means of studying at uight. 
He solved problems and wrote letters full of intelligence to J\1. Reynaud, 
the modest and learned professor of the College of Aunonay, who had 
already given him lessons in arithmetic and geometr.)'. 
On his return from PariH he was again placed under the charge of J\L . 
Reynaud, of whom he had become rather the friend than pupil, and ns be 
had been destined by his father for the Polytechnic School, a certain in-
sight into all that is required for admission was afforded him by the 
professor in the course of a single year. In 1828, therefore, he ventured 
to present himself at Nismes for examination; bnt his preparation had 
been too rapid, and hB was not received. Happily for himself and for 
science, the boundaries of which it was his fortune afterwards to extend, 
he had fallen into the hands of a discriminative examiner, J\1. Bourdon, 
who, while yerifying the insufficiency of his studies, recognize(l the 
aptitude of his genins. This excellent man, to whom many among us 
besides owe a debt of gratitude, reflected on the future of this youthful 
candidate whom be was obliged to re;ject, and, with the ingenuous ear-
nestness which he more than once displayed in behalf of students of 
whom he augured favorably, pleaded with the father of Auguste, and 
succeeded in persuading him that the career of the unsuccessful appli-
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cant still lay in the polytechnic line. After this Dr. Bravais no longer 
hesitated, but sent his son anew to Paris, where he was placed in the 
institution of M. Bar bet, then distinguished as one of the best sem-
inaries of preparation for the Polytechnic School. 
Auguste Bravais pursued at the College of St. Louis, under M. Delille, 
the course of special mathematics. At the end of the year he obtained 
at the general competition the first prize of mathematics, and "was re-
ceived at the Polytechnic School as number two of the list. On pass-
ing into the first division, after a year's study, he was classed as first, 
and at his exit made choice, with his father's approbation, of the marine 
service. The sea! How many opportunities did that name suggest of 
seeing distant shores, of studying nature in its different aspects, and of 
continuing, with enlarged knowledge, the studies which had formed the 
delight of a happy childhood. 
He embarked in January, 1832, on board the Finistere,which then navi-
gated the waters of the Mediterranean; but he soon passed to the brig 
LoirPt, commanded by M. Berard., whom we have since counted among 
the correspondents of our section of geography, and who was at that 
time charged with the exploration of the coasts of Algeria. The Loiret, 
on board of which was also M. De Tessan, hydrqgraphical engineer, and 
now our colleague, was employed two summers in making the coast sur-
vey of our African possessions, and the work was completed when the 
vessel re-entered the port of Toulon, October 25, 1833. The minister of 
marine, with a sagacity which does honor to his memory, had composed 
of future academicians the official staff of a vessel charged with a scien-
tific mission, and the commander, J\1. Berard, in his excellent work, De-
scription Nautique des .Cotes de l' Algerie, took occasion to convey to his 
assistants, and expressly toM. Bravais, his warm acknowledgments of 
the important share which they had borne in the common labor. 
The Loiret was next employed in maintaining the communications be-
tween Algiers, Bona, and Oran, being armed on account of the hostHe 
disposition of the inhabitants of the shores. In these incessant passages 
from one extremity of the Algerine coast to the other, it was necessary 
to make many different ports, and M. Bravais, who bad been named lieu-
tenant in 183±, lost none of these in valuable opportunities of satisfying 
his passion for natural history. A. flora and fauna, different from those 
of the Cevennes, offered a multitude of objects calculated to pique his 
curiosity. Magnificent collections of plants, insects, crustacea, fish, ter-
restrial or marine mollusks, rewarded his actidty. Of these he made 
frequent remittances to A.nnonay, and sometimes carried thither in per-
son the fruits of his researches, for, since leaving the Polytechnic School, 
he invariably passed there all the vacations and furloughs he could ob-
tain. On these occasions of a return to his native place, he never failed 
to revisit his dear mountains, Pibt and Roche de Vent, and resumed, 
though on a wider scale, the walks and. herborizations which had formed 
of old the happiness of the Bravais family. Knapsack on his back, the 
young mariner then made long excursions, accompanied by his brother 
nearest in age to himself, the Abbe Camille Bravais, now professor of 
natural history at the College of Annonay, and keeper of the museum 
of that city, composed in ·great part of his own gifts and those of his 
family. 
But it was with his eldest brother, Dr. Louis Bravais, that our future 
colleague devoted himself to the more profound investigations of botany. 
At the beginning of the year 1835, the two brothers united in present-
ing to the Academy a memoir entitled: Essai geometrique su.r la syme-
trie des feuilles curviseriees et rccUseriees, (Geometrical essay on cur. 
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viserial and rectiserialleaves.) Thi'S memoir had nothing in common 
with the ordinary labors of botany relatiug to the description of species, 
or to botanical geography. As little was it a memoir on vegetable phy-
siology in the usual acceptation of tho word. It ·was a work of a wlwlly 
special and original cbaracter on the relations of symmetry, presented 
by the insertions, at <liffer:ent points of the stem, of the h'\aves and or-
gans which spring from it. This subject, although l\fl\f. Bravais had no 
knowledge of the fact, had shortly before beeu the subject of a memoir 
published by two distinguished botanists, Ml\1. Schimper and Alexander 
Braun, \lho had pointed out its importance, and had arrived at some 
very curious results. l\1. Adolph Brong·niart, however, in the report 
whicl.t he made to the Academy in 1837, prononnce<.l that l\Il\1. Louis 
and Auguste Brayais had brought more precision to the study of the 
numerous facts which thev had collected than had been before exem-
plified. The subjeet, moreover, could not be completP]y elucidated 
without a profound knowledge of the helix and of the different spirals 
in which the insertions of the leaves are aligned with so remarkable a 
regularity, and without a singular dexterity in the management of con-
tinuous fntetions, recurrent series, and other mathematical combinations 
of a delic~Lte nature. l\1. Auguste Br:1vais had employed them, with the 
elegant simplicity which is always the stamp of an accomplished matbe-
matician, for expressing the relations of position of the leaves with one 
another, and for arri\'iug in a clear and precise manner at. consequences 
which could not otherwise be obtained except by long and tedious ten-
tatives. These deuuetions have brougbt to light, in a degree but little 
suspected by many, a regularity of arrangement in the organs of vege-
tables, which, without being precisel.Y analogous to the laws of cr_ystal-
lography, is equally as precise and aumirab1e. 
Tlw brothers still further chew up in common different memoirs on 
botany, aud it was not at Paris only that their labors obtained a de-
served success. They equally attracted the attention of botanists in 
other parts of Europe, and l\L De Cando lie dedicated to the two authors, 
under the name of Bravaisia, a new species of the family of tho BigBon-
iacem. The objects of natural history which l\I. Auguste Brayais sent 
from Algeria were also highly appreciated. In 1835 he found on the 
Island of Racbgoun a serpent wlrich was new to him, the Arnphisbrena 
cinerea, and which he transmitted to 1\I. De Blaiu-\ille, who testified his 
surprise <'tt the occurrence of such an animal in that country. Other 
remittances of seeds and living plants, collected in the province of Oran, 
earned for him letters of thanks from the administration of the l\Inseum 
of Paris, and warm encouragements to complete the herbal of Dcsfon-
taines, and to continue his researches in botany during the voyages it 
was hoped he 'vould undertake to other regions. 
The ardor of the young officer was so much increased by this success 
as sometimes to make him forget that he was no longer in the peace-
able mountains of the Anleche or of Dauphiny; it drew upon him, on 
several oceasions, the kindly reproaches of his superiors for rashness. 
But these reproaches were changed into felicitations when, August 12, 
183G, at the l1ead of thirty-senm marines, he extricated the command-
ant and surgeon of the Loiret, surroundeu, during a hunting excursion, 
by the troops of the Emir. 
Unluckily, he did not arrive in time to rescue another officer, whom 
the Arabs had already carried off. But from the point where he then 
stood l\f. De Prance ha<l witnessed the combat, which he describes in his 
interesting account of the prisoners of Abd-el-Kader. "I willuot con-
clude," he says, "without speaking of the bravery, the coolness, and 
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address of my colleague, 1\L BraYais, lieutenant of the frigate. This 
courageous friend commanded the sailors who . flew to our succor; he 
disposed his troop so skillfully, and fell so vigorously on the enemy, 
that he forced them to fly precipitately, and, if conduct and intrepidity 
could have saved. me, un<loubtedly the conduct and. intrepidity of M. 
Bravais wonl<l haYe secured my release.'' 
The commandant, being wounded in the arm~ could not write, and . as 
the first lieutenant was prisoner, the duty of making the report upon 
the fight, in which two sailors had been slain, devolYed on l\1. Bravais. 
In drawing up this paper he avoided, as far as possible, under the im-
pulse of his habitual mode;;ty, all mention of himself; hence, while the 
minister of mariu~ bestowed praise upon the Loiret, the author of the 
report received no decoration, as all around him would have wished. 
Yet, in the eyes of those who knew all the details of the affair, the un-
designed omission of the. minister reflected more honor on the ~-oung 
officer than the star itself of the order would have conferred. He re-
ceived that distinction, however, on another occasion, and for services 
of a wholly different character. 
Nature ~had largely endowed M. Bravais. With the brilliant officer 
a.nd zealous naturalist there was united in him, according to the ex-
pression of J\L Cauchy, assuredly a compr:tent judge in snch matters, 
the true geometer. The former-student of the College of Stanislas, who, 
in pursuing his course of rhetoric and philosophy, passed the night in 
studying l>ooks of ~~athematics, had resumed, on board the Loiret, anal-
ogous habits. With the consent of the superior officers, l>y whom he 
was rightly appreciated, his comrades, themselves highly distingnished, 
though with a different turn of mind, replaced him on the quarterueck 
when his watch recurred, and l\1. Brayais shut himself up in his cabin, 
where he spent the night in executing his calculations, or in solYing 
such problems as presented themselves. It was thus that he made the 
calculations necessary for the reduction of the hydrographic projection 
of the coasts of Algeria; and thus, likewise, that he composed the math-
ematical part of the botanieal memoir which he publislled with his 
brother. Thus, too, a career was eventually opened to him of a special 
nature, and such as appealed most directly to his natural proclivities. 
Among other mathematical labors which l\I. Bravais bad executed on 
board the f..Joiret, he had composed two memoirs, one on the ~lliethods 
employecl in taking bear,ings ~tnder sail, and the other on the Equilibriu1n 
of floating bodies. Having obtained. leave of absence from the minister 
of marine, be formed from these memoirs two theses which he sustained 
before the Faculty of Sciences of Lyons, in consequence of which he 
was received as doctor of scimices. These theses attracted just notice, 
and the minister subscribed for several copies of the second for the 
libraries of the ports. In thus acquiring the doctorate of mathematical 
sciences, l\1:. Bravais was conforming to the friendly advice of )f. Pois-
son, wllo, after conducting his examination at his exit from the Poly-
technic School, had asked him why he did not enter upon the career of 
science. He still followed tlutt ad vice in presenting to the .c\.eademy 
several memoirs of analysis and geometry, upon which M_M. Poisson, 
Sturm, and Sayary, made favorable reports. 
From this period the minister of marine chose that l\1. Bravais should 
be released from the clandestine pursuit of science, and assigned him 
service in a mission purely scientific. He attached him to the Scientific 
Commission of the North, which was under the conduct of M. Gaimard, 
and of which M. Victor Lottin, lieutenant, had for several years formed 
a part. The commission had been inaugurated under melancholy cir-
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cumstanccs. M. De Blosseville, already celebrated for two important , 
scientific voyages, had received, ia 1833, the command of the brig La 
Lilloise, charged with the superintendence of tlw fishery in the seas of 
Iceland, and was accompanied, as second in command, by l\1. LcPele-
tier d'Aunay. Both these young officers were animated by an ardent 
zeal for diseovery, and had promised to effect for the advancement of 
science all that was compatible with the objects of their official mission. 
After a tlwrongh exploration of the coasts of Iceland, they determined 
to reconnoiter the ea:st coast of Greenland, which had been blockaded 
by ice for centuries. On a first attempt they penetrated, July 29, in the 
midst of broken ice, to a distance of about twenty-four leagues from 
Greenland. They could already take the bearings of the mountains, but 
their vessel, whose construction was not suitable for an enterprise of 
this sort, having undergone ·great damage from the floating ice, they 
had been constrained to disengage themselves with a view to repairs, 
while decided on making afterward a new attempt. There was rea-
son to suppose that, in fact, they had become a second time entangled 
in the ice towrrrd the end of August. From the 25th none of the fish-
ing barks had set>n the Lilloise . 
.1\fnch solicitude had been naturally excited daring the ensuing winter 
for the fate of the expedition, and in the spring of 1834 a ·vessel was 
sent in search, whose return without success afforded only new grounds 
for anxiety. In 1833 the attempt was renewed, and the corvette La 
Reclwrche, commanded by l\1. Trehouart, was dispatched on a similar 
mission. 1\L Gaimard, who sis: years before had taken an active part 
in the discovery, on the reefs of Vanikoro, of the remains of La 
Perouse's expedition, generously proffered bis services to co-operate in 
the search for l\f. De lllosseville. Desiring at the same time that the 
exploration should snbserve the inter('sts of science as well as of hu-
manity, he associated -nith himself se-veral distinguished savants, art-
ists, and men of 'letters. Such was the nucleus of the Scientific Com-
mission of the North. 
Al1 efforts to discover traces of the missing vessel were fruitleE:s ; but 
the scientific commission having collected· in Iceland the elements· of a 
magnificent work, the design was embraced of exploring also Spitzber-
gen and Lapland, and of leaving a part of the scientific body to winter 
in the latter country, in order to make observations in physics and 
meteorology. It was determined to increase the number of savants who 
composed the commission, and l\1. 1\fartins, one of our best botanists 
and a distinguished meteorologist, was adued to it, together with l\1. 
Bravais and se-veral learned Seandiua\'ians. Instructions were asked 
of the Academy of Sciences, and their preparation was confided to a 
special commission, whose recommendations were adopted iu the sitting 
of April 23, 1838. 
The Recherche was equipped anew, and, under the command of l\1. 
Fabvre, left the port of Havre J nne 10, 1838, bearing the greater part 
of the members of the commission and all the material necessary for 
their operations. After touching at Droutheim, the ancient capital of 
Norway, \\'here she received the Swedish, Norwegian and Danish 
sa\·ants designated by their resvective goveruments, and at Hammer-
fest, where she landed the stores provided for wintering, tbe Hecherche 
turned ber head toward Spitzbergen and moored, July 25, in the roads 
of Bell Sonnd, on the western coast of that group of islands, in 70o 
30' north latitude. The savants and officers of marine immediately 
addressed themselves to their work. Astronomy, ph,Ysics, meteorology; 
the movements and temperature of the sea; the vast glaciers desceuding 
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from the tops of the mountains to the bay; the geological constitution 
of those naked and declivitous mountains; tbe scanty traces of vegeta-
tion, very difterent from that of Algeria, stretched at their foot along 
the beach, were the subjects of indefatigable study. l\I. Bravais, habit-
uated from childhood to climbing rocks, was the first to reach the sum-
mit of a peak of difficult access, on which the commission conferred his 
name. The officers of the vessel constructed a detailed plan of the 
Bay of Bell Sound., in concert with l\1~1. J.1ottin and Bravais, who de-
termined the azimuth of the bay, the heighth of the mountains, and the 
declination of the magnetic needle. 
But summer is of short duration in those high latitudes. On August 
5, the commandant judged proper to give the signal of departure, and 
the Recherche again came to anchor, on the 13th, in the port of Ham-
merfest. Careful observations of the temperature of the 'vaters of the 
sea at different depths were made during the passage by 1\IM. Bravais 
and 1\fartins, the former of wborn, with Professor Siljestrom, Swedish 
physicist, Professor Lilliehook, Norwegian physicist and astronomer, 
and l\1. Bevalet, draugbtsman, landed at Ilammerfest to winter in Lap-
land. The con~ette returned to Brest. 
The climate of the western coasts of Norway and of the coasts of 
Lapland is of a remarkable mildness in comvarison with that of other 
points of the globe situated in the same latitude. The tepid waters of 
the Gulf of 1\lexieo, borne by the ocean currrnt, known as the Gulf 
Stream, dift'nse a perpet-ual warmth and produce there a wlwlly ex-
ceptional temperature. From this it results that the deep arnH:) of the 
sea which, under the name of fiords, penetrate tl1ese siugntarly indented 
coasts, are scarcely ever obstructed by ice. Navigation, instead of being 
snspcuded for several mouths, as in the \Vhite Sea and the Daltic, is 
there generally open; and til is circumstance giYes to the capacious and 
excellent ports of the fiords of Laplaud a certain strategic importance, 
caleulatNl to enhance the scientific interest which the exceptional cli-
mate woul<l of itself inspire. But from its comparatiYely high tempera-
ture the northern part of the Atlantic Ocean is euYeloped, during win-
ter, in almost permanent fogs, whose density is sufficient to sbnt out a 
view of the lwaxens. T.he port of IIannnerfest bei11g too near the sea 
and exposed to this disaclYantage, our physicists chose for their winter 
station the Yillage of llossekop, situated on a narrow shelf at the ex-
treme point of the .L\ltenfiortl, an arm of the sea whieh penetrates the 
land to the distance of seYenty ldlometres, whence it n~sults that the 
climate is there colder and the sky more frequently dear than on the 
shores of the ocean. At this place the four physidsts e:-;tablished, Sep-
tember 1, the numerous iw~tnunents, telescopes, tlleo<lolites, gigantic 
compasses, barometers, thermometers, actinometers, pyrheliometers, &c., 
which had been landed from the corYette. These instruments bad been 
constructed at Paris by the best artists and on the most perfect models . 
. A. small wooden structure, which might be taken down and rebuilt else-
wllere, formed the astronomical observatory, while fiye other cabins 
sen~ed as meteorological and magnetical obscrnttories, &c. 
Bossekop is situated in nno 58' north latitude, and is therefore 3° 25' 
beyond the polar circle. The sun does not ri~e there eYery day in the 
year, and on that of the winter solstice, at noon, its center is 3° 25' be-
low the horizon. After the middle of NoYemuer its disk is no longer 
seen entire, the lower part is lost to sight, aud the lmninar,y is wholly 
invisible after the 17th of that month. Ji...,or some time a crepuscular 
light illumines, toward mid-<lay, the sonthern arc of the borizou, but 
toward the 21st of Decem l>er even this glimmer yanishes. It reap" 
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pears in the beginning of January and increases by degTees. Finally, on 
the 31st of J anuar.v, the solar disk begins again to sllow itself. It pro-
jects a !lrst ray, which is llailed hy tlle universal acclamations of the 
population stationed at windows or on eminences to salute the benefi-
cent orb, whose priceless value is better felt after such an absence. On 
that day all labor is suspended, felicitations arc exdumged, dances eli-
press tlw common joy, pledges are drunk to the resurrection of the sun; 
it is the time also for settling the bets which hase been made on the 
rate of watches which, not having been regulated for two and a half 
months, are liable to have become deranged. The suu, after this, rises 
every day, at first for a few minutes only; but tile days gradually 
lengthen; at the equinox tlley are equal to the nights; tlleu the nights 
grow shorter, and. finally extinct; the sun ceases to set, and a continued 
day of nearly three montlls forms the compensation for the long night 
of wiuter. 
The perpetual day of the polar summer has never wanted witnesses; 
but it nce(lcd the resolution inspired by an ardent love of scituee to 
await at Bossekop the festival of the resurrection of the sun. ~fore 
resolution still was needed to uudertake the lal>m's which tlle commis-
sion was cllarged with executing at that point. Notwitllstan<lmg the 
relative moderation of the climate, the thermometer often descends at 
Bossekop, not, indeed, to 40 or 50 degrees centigrade below zero, as in 
tlw nortil of Asia and .America, but, according to the observations of 
tllc commission, to 200 or 25°; nor is t be depression restricted, as in 
our climates, to the last hours of the night. llere the night docs not 
terminate, and the diurnal variation of the temperature, evidently inue-
pendent of tile action of the sun, the maximum occurring at 11 o'clock 
in the morning and the minimum at 6 o'clock in the evening, does not 
exceed on a mean tile tenth of a degree. Tile wind which at Bossekop 
is least cold is that of tlle north, under the influence of the N ortllern 
Ocean; while the coldest is that from the south, wllich bears the frozen 
air of the Scanuinavian .Alps. Tile temperature of the air is at its 
minimum at the surface of the ground. It rises gradually by some de-
grees to a height of about one hundred metres, and afterward dimin-
ishes agreeably to the usual law. All tile elements of the climate were 
collected by our physicists tilrough observations made uninterruptedly 
at intervals of two ilours, and sometimes hourly, on the l>arometer, the 
thermometer, the direction of the wind, the state of the sky, the tem-
perature of tllC earth at its surface, the magnetic apparatus, &c. All 
these determinations, inscribed on registers kevt coustautly and with 
perfect order, have been published in the great work of the Scientific 
Commission of the North. 
The two marines alHl two professors divided between them the labor 
and the watching, tbc latter being observed with as much regularity as 
on uoard a mau-of-war; but if an aurora borealis presented au extra-
ordinary brilliancy there was a general turuou t; every one 'vas at his 
post. Some drops of coffee, seasonably taken, llh;pelleu the importunate 
somnolence of the Lapland night. Of the obselTers, while a portion 
noted every five miuutes the positions assumc<l by the magnetic needle 
under the distnrbiug intluence of the aurora, others, in tbe open air, 
rccorucd, watch in baud, the different phases of tlle phenomenon and 
measured the altitn<les al)QVC the horizon. The adjusting screws of 
their instruments often became so cold tilat it was necessary to cover 
them with clotil, without which precaution their fingers would have ad-
hered to the brass thl'ough tile sudden congelation of the humidity of 
the skin. 
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Independently of the d~tailed journal of observations of the auroras, 
printed in the work already referred to, and the splendid plates of the 
physical atlas, which represent the most remarkable appearances ob-
served by the four physicists, lVL Bravais has inserted in the same pub-
lication a J.lUmoire sur les a~trores boreales, cited by competent judges as 
more precise than anytlling heretofore written on the subject. Tue fol-
lowing rapid summary of the contents of this essay may not be without 
interest. 
vYhen the first doubtful gleams of an aurora begin to diffuse them-
selves in the sky, there is first perceived at the horizon, a little to the 
west of north, a dark segment, which, according to the very probable 
conjectures of M. Bravais, is nothing else than tlJe compact mass of 
fogs with which the temperate waters of the Polar Sea are almost con-
stantly covered. Above the dark segment gleams of light like those of 
a conflagration soon make their appearance, simply r(3Snltiug, perhaps, 
from the still distant glow of the aurora reflected on the surface of the 
marine Yapors. Some time aftenra.rd a luminous arc is traced above 
the segment, its two extremities resting on the horizon, and its culmi-
nating point, whieh divides it into two equal and symmetrical parts, 
being situated most frequently in the neighborhood of the magnetic 
meridian. On an average it falls a little to the west of tllat meridian, 
from w:Uich it progressively diverges as it becomes more remote from 
the northern edge of the horizon, especially when, luwing passed the 
zenith, it approaches the southern horizon, from whieh iu certain cases 
it is distant but a few degrees. Sometimes several different arcs show 
themselves at the same time; Yery often there are two, more rarely three, 
but a~ many as nine have been counted at one time. T!Jeir breadth, 
which at a mean is from seven to eight degrees, occasionally exceeds 
twenty-five degrees, particularly in the culminant part when it passes near 
the zenith. Through a comuination of measurements tllis last remark 
has led to the conclusion that the arcs of the aurora borealis arc flat-
tened parallel to the surface of the earth, and thus one of the means 
proper for furnishing tlle measure of the height at whicll these arcs ::ue 
situated above the surface was suggested to lVI. Bravais. 
The height iu question had long before occupied attention, and it had 
with reason been thought that it might be calculated from the parallax 
.resulting from two observations of the same are, made simultaneously 
by bvo observers placed at a known distance. vVith a view to this 
means of determination M. Brayais passed thirteen days of January 
1838 at .._T urwig~ situated fifteen kilometres to the north of Bossekop, in 
order to observe ihc auroras from that point, while his colleagues ob-
served them at the same instants of time from their usual station. The 
forms of a great number of arcs, and espeeially those of the most regu-
lar arcs, were taken with mueh care by the commission, and l\1. Bravais, 
by discussing them, through means of elegant geometric eonstructions 
and trigonometrical formulas skillfully reduced to the greatest simpli-
city, has sllown that all these arcs, conforma,bly with the hypothesis of 
our distinguished correspondent, M. Hansteen, of Christiania, may be 
considered as the perspectives of cireular riugs, having their center on 
the terrestrial radius directed toward the magnetic pole, and their plane 
perpendicular to that radius. His formulas ha.ve gi\en him, for each 
case, the elevation of the ring above the surface of the earth, and this 
means of measurement, combined with the two others already iudicated, 
have led him to the conclusion that the arcs of the aurora borealis are 
situated at an altitude of one hundred to two hundred kilometres, in 
the region where the shooting stars and bolides become incandescent 
MEMOIR OF AUGUSTE BRAVAIS. 155 
and luminous, that is to say, toward the extreme limits of the terres-
trial atmosphere, the extent of "vhich had long been supposed to be less 
co11siderable. 
The color of the arcs is usually of a uniform yellowish white. They 
are of sufficient transparence to allow the stars to be seen through 
them, awl while the radiance of the most brilliant arcs equals that of 
stars of the first magnitude, the greater number are only comparable to 
those of the second, third, and fourth. The position of each arc does 
not remair1 invariable during its whole duration; on the contrary, it 
varies with much rapidity, so as to compel the observer to operate with 
great quickness, if he would give to the different parts of the same arc 
positions exactly corresponding as regards one another. In tlleir move-
ments tlle arcs sometimes approach the zenith anu sometimes witlldraw 
from it, whether toward the north or toward the soutll. Their edge 
nearest to tile horizon is usually the best defined. They have not al \Yays 
regular forms; we see them assume a thousand fantastic configurations, 
snell as that of an undulating scarf, or even of a crook. They some-
times show, especially toward the end, a tendency to become decomposed 
into short rays in a direction conformable to the width of the arc. 
After the arcs, at a rath~r more ad {lanced hour, appear the rays prop-
erly so calh·d, wTiich form the second type to which the gleams of the 
aurora borealis may be referred. The rays are luminous columns of 
much greatrr length than breadth, the prolongation of which on high 
would terminate at tlle magnetic zenith, the point of apparent concourse 
of all the lines parallel to the needle of inclination, and situated, at 
Bossekop, only 13o toward the south of the ~stronomical zenith. 'rhe 
brilliancy of the rays is variable like that of the arcs, and generally 
more vi vi d. They are susceptible of two movements; one in virtue of 
which the ray prolongs itself toward the zenith or toward the horizon, 
the other by which it is displaced laterally and parallel to itself. These 
movements are sometimes of an exces~i,~e rapidity, and. it is not rare to 
see th~ rays dart their light, with a vibratory movement, toward the 
zenith, and still more frequently toward the horizon, with extreme viva-
city. When these movements are alternate, the ray seems to gambol 
or dance; hence, the caprm saltantes of old authors, the marionnettes of 
the inhabitants of Newfoundland, the merry dancers of England. In 
general the more rapid the movements the more brilliant become the 
rays. Tlle color of these is usually white or pale yellow, sometimes of a 
reddish hue. vVheu the vibratory movements of the rays become very 
precipitate, the brilliant yellow tint is concentrated in their middle part 
and the opposite extremities take the color of violet-red and green, the 
red always showing itself on the side to which the ray darts its light. 
Occasionally the rays unite with one another at the magnetic zenitll to 
form a crown either complete or incomplete; and when, in executing 
this movement, they lose tlleir usual yellowish tint and glow with au 
in tenser luster, passing into red and green, the crown presents tlle great-
est l1egree of magnificence which the aurora is capable of displaying. 
At certain moments the vibratory movements by which the rays are 
animated. change into a sort of general palpitation in which all the 
gleams of the muora are confounded, the arcs as well as rays. It is 
the announcement of a diminution more or less proximate of this splen-
ditl met:orn'. 
Tlle refulgence of the aurora borealis might seem to have been given 
to the polar regions as a compensation for the absence of t,he sun ; for 
these arctic lights, barely visible two or three times a year on the hori-
zon of Paris, illumine almost every evening the latitudes from which 
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the star of day is withdrawn. They are no longer observed there dur-
ing the uninterrupted day of summer ; it is at the end of .August, and 
especially at the period of the autumnal equinox, that their number is 
multiplied in Lapland, and their frequency diminishes at the vernal 
equinox, and still more toward the end of .April. During this interval 
of more than six months very few nights are destitute of the auroral 
display. 
The apparition of the auroras is therefore subject to the course of the 
seasons, and it is not less remarka,ble that even during the hibernal 
night t,he hours of their commencement and of their different phases 
maintain a constant relation to the hour of the passage at the meridian 
of the sun, which has become invisible. Their appearance always takes 
place during the hours which correspond to the night of our temperate 
. zones. It is generally between ten and eleven in the evening that they 
assume the effulgent colors by which some of them are distinguished, 
and, in all, their greatest brilliancy corresponds to the same period of 
the night. The meteor usually disappears toward morning. 
M. Bravais states that by the light of a brilliant aurora he could read 
a page printed in small type almost as easily as by the light of the full 
moon. When the sun no longer rises, the moon, which at its full is in 
opposition with the sun, is seen almost constantly on the horizon, and 
the double effulgence of that planet and of the aurora greatly dimin-
ishes the obscurity of the polar night. Irregular as are these lights, 
they suffice to enable the Lapps, the Samoieds, and the Esquimaux to 
traverse in sleds the limitless snows which cover their country; and, 
when the absence of the iun would tend to dull their minds, the fantas-
tic images presented by a fitful illumination serve to arouse .their imag-
ination and afforJ a pabulum on which it is marvellously exercised. 
Notwithstanding the movements with which the arcs and rays of the 
aurora are endowed, it is evident that they follow the movement of ro-
tation of the earth. The aurora borealis is therefore an atmospheric 
and not a cosmical phenomenon. Canton, M. Becquerel, and other phy-
sicists, have pointed out the resemblance which exists between the vio-
let-red tints of this meteor and those which electricity displays when 
moving in a vacuum. This circumstance, added to the action of the 
aurora on the magnetic needle, has led physicists to class it among elec-
tric phenomena. M. Bravais gives his adhesion to this opinion, the 
verification of which has been recently corroborated by a remarkable 
experiment of our distinguished colleague, M. De La Rive.· 
After a sojourn of seven months the commission quitted Bossekop, 
.April1839, anu returned to Hamrnerfest in order to execute snndr,y 
labors and await the corvette which was to convey them a second time 
to Spitzbergen. Vegetation was renewing and develo]Jing itself with 
that astonil::lhing rapidity which, from the commencement of May, an 
almost continual day gives to it in Lapland. M. Bravais could not resist 
his passion for herborizing, but unfortunately, in attempting to gather 
a plant springing from the crevice of a rock, he sustained a violent fall 
and fractured a· knee, so that when the corvette bore off his companions 
he found himself under the necessity of remaining at Hammerfest tmtil 
the end of the polar summer should bring back the other members of 
the commission. Far from being discouraged, however, by so vexatious 
a mishap, he continued the series of meteorological and magnetic obser-
vations, and as soon as the injury permitted him to walk, labored at the 
completion of two. memoirs commenced during his sta.Y at Bossekop, 
one on the tides, and the other on the lines of the ancient level of the sea. 
A. sojourn of more than a year had enabled him to perfect his obser-
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vation of the tides, and having afterward collated his own measure-
ments with those executed at Reikiavik, in Iceland, and Bell Sound, in 
Spitzbergen, by Ml\f. Lottin and Laroche-Poncie, and submitted the 
whole to a thorough discussion, he determined the units of height of 
tide in several ports of the North Atlantic Ocean. He also calculated 
for those coasts the value of the semi-diurnal tide and that of the diur-
nal tide for both the sun and moon. He was struck with the relative 
importance which the diurnal tide there assumes, and this circumstance, 
compared with the analogous fact already observ~d in the Sea of Kamt-
chatka, led him to infer that the tides of the Atlantic and Pacific 
mutually influence one another through the Straits of Behring. 
·The banks of the Altenfiord, in the environs of Bossekop and Ham-
merfest, as well as at many intermediate localities, present terraces 
having almost horizontal surfaces, whose regularity recalls the construc-
tions of fortification, though there is nothing artificial about them. Each 
of these terminates at the foot of the rocks in a line marked by erosions 
similar to those which the sea produces on its present beach. In each 
terrace is easily recognized an ancient marine coast, on which the sea 
has beaten for a long time at a well-defined height. At some points 
s6veral of these are to be seen, one above the other. M. Bravais occu-
pied himself in a determination of the actual elevation of all these 
traces of the ancient level of the sea, and here botany has furnished 
him a useful resource. A marine plant, the Fucus vesic~tlosns, widely 
dispersed on those coasts, grows upon the rocks only at a certain dis-
tance beneath the mean surface of the sea, and forms a yellowish zone, 
of which the upper limit is well marked and perfectly horizontal. This 
line supplied the plane to which l\.L Bravais referred, by precise level-
ings, the ancient marks of erosion by the sea; and he thus recognized 
that all these traces of its ancient altitude form five series, more or less 
distinct, two of which especially are perfectly unbroken; that these· 
last are slightly inclined from the interior of the continent toward the 
ocean, and that one of them in particular presents two parts of which 
the inclinations are different. From this we are authorized to conclude 
that these terraces and the ground which supports them haye been 
lifted above the level of the sea; for, if it were the sea which had sub-
sided, each of the two series of terraces wonld have been perfectly hori-
zontal. The mobility of the solid crust of our globe is thereby fully 
demonstrated. It might be said that tile exprm:sion, firrn as a rock, if 
taken in too absolute a sense, em bodies an illusion, and that there is 
nothing more unstable in the world than the mean level of the sea. 
M. Bravais was occupied with these subjects till the moment when 
the corvette, returning from Spitzbergen, again arrived at Hammerfest. 
The members of the commission then separated for the last time, in 
order to return to their respective countries by different routes. M. Bra-
vais associated himself with 1\L Martins to return by land, and, still 
herborizing, traversed, barometer in hand, the plateau of Lapland, 
where the two travelers determined with precision the altitudes of the 
upper and lower limits of the different zones of vegetation. In this 
way they completed, not the Atlantic flora of Desfontaines, as M. Bra-
vais had seemed destineO. to do, but the admirable labors in "Uotanical 
geography of Leopold von Buch and the celebrated flora of vVahlem-
berg. 
In the vast forests of Sweden, ]_\Jf1\i. Martins and Bravais had many 
opportunities of observing the Pinus silvesttis, (Scotch fir,) of which 
those forests are in great part composed, and published at their return 
a memoir on the growth of that tree, a work which had been recom-
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mended by 3-I. De Candolle, and which comprises a mathematical for-
mula for a;:riving at r.he probable agP. of a fir-tree whose diameter is 
known. At Stockholm they carefully compared their meteorological 
instruments, and particularly their ba,rometers, with those that were 
employed for quotiuian meteorological observation8. This comparison 
was repeated in all the capitals and great cities through which they 
passrtl in returning to France, and their instruments having been com-
paretl before their departure, as they were at their return, with those of 
the Observatory of Paris, a means was thus created of rednciug to en-
tire harmony, and of referring in some sort to the !S<:tme diapason, the me-
teorological observations which are prosecuted in a large part of Europe. 
Having returned to Paris in January 18±0, they addr~sscd to M. 
Arago a detailed letter on tlie labors of the Commission of the North, 
which was inserted in the Cmnptes-Rendits of the Academy. Their effort~ 
were justly appreciateu and well-earued rewards conferred on them, M. 
Bravais recei,Ting on his part the decoration of the I.1egion of Honor, 
and authority to wear that of the Swedish Order of the Sword. In his 
capacity of marine officer he was charged by the minister with the duty 
of collecting, jointly with l\:L Lottin. all the observations on general 
physi~s made by the commission, and superintendi11g tlw publication. 
He was permitted at the same time to occupy a cllair in one of the fac-
ulties of science, then lately created in different cities of Frauce, and 
was named professor of mathematics applied to astronomy in that of 
Lyons, of which faculty l\f. Tahercau, his fntn:rc brother-in-law, the dis-
tinguished founder of tlle school of La. l\fartinH~re, wa-s dean. Among 
the obsen?ations maue by 1\L Bran1is at the Observatory of Lyons 
many would deserve to be cited, particuHn·ly one on a magnificent ap-
pearance of the zodiacal light in the month of February 184::3. There-
searches incideiLt to a preparation for his new functions led also to the 
composition of an importaut memoir on the movement of ttanslation of 
the s m, wllich he addressed to the Academy of Sciences, in 184:3. From 
the profonuder theorems of mechanics on the mutual attractions of the 
stars and the sun, he here establishes that the proper movement of our 
total system is towards the star YJ of the constellation IIercnles. 
Elected, on his ani \'al, a member of the Academy of Lyons, 1\L Bravais 
bore, with his father and two of his brothers, a very active part in the 
labors of the scientific congress assembled in that city, and laid before 
it in detail various important considerations on the meteorology of the 
south of France. He also contributed efficiently, with 1\11\1. Lol'tet and 
Fournet, to the establishment of the Hydrometric Society of l.1yons, 
widely known for its important and uF;efnllabors. With these occnpa-
tious was united an assiduous co-operation in the production of a work 
entitled Patria, which he edited during the three years of his residence 
at Lyons, in conjunction with 1\Il\f. Lalanne, Le Pileur, and Martins. 
This work, undel'taken with a view to utility, presents, in a condensed 
and portable form, a miniature encyclopedia of everything relating· to 
:France which it is most desirable to have for immediate reference. The 
articles in this collection on geography, physics of the soil, as well as 
many others compiled by l\f. Bravais, must always be regarded as models 
of conciseness an(llucidity. 
But I.~yons is not remote from Switzerland and Savoy; the sight of 
the summits of the .Alps, those old friends of his childhood, the sight of 
the eternal snows, whieh recalled to him Spitzbergen and Lapland, easily 
awakened in l\f. Bravais his instincts as a traveler. In 184:1, after the 
close of his :first course, he undertook a journe.r iuto Sw·itzerland, and 
_in oruer to render it subscrvieut to the continuation of his meteorologi-
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cal labors, he established himself on the Faulhorn, in company with his 
elder brother, J\1. Louis Bravais, and his friend J\I. .Martins. 
The Faulhorn is an isolated mountain, elevated 2,680 metres above 
the sea aud placed like a belvidere in face of the highest mountains of 
the canton of Berne, the "Eiger, the 1\t:onch, the Jnngfrau. EYery sum-
mer thousands of tourists ascend this peak, in order to enjoy the mag-
nificent view of the snows and glaciers of tlle Oberland. 'rho inn estab-
lished to receiYe them became the meteorological station of J\1~1. l\fartins 
and BraYais. They re-established there the Observatory of Bossekop. 
and from the 17th of July to the 3th of August made a series of obser~ 
vations similar to those of J..Japland, saving the absence of the aurora 
borealis. Nor was natural histo-ry forgotten; familiar with mountains 
and with the application of physics to the geography of plants, there-
searches of our savants were rewarded by an amplehan~est gathered on 
the accli\'ities and in the environs of the Faulhorn. Experiments in 
ph~·sics also, of high'interest, were instituted by J\fl\1. Bravais an<ll\1ar-
tins. J\1. Dumas, our dist.ingnisheu colleague, hau caused to be pre· 
pared a't Paris several glass balloons provided with taps, in which as 
complete a Yacuum as possible bad been established. These balloons 
were filled with the air which enYeloped the summit of the mountain, 
then closed with the greatest care, and sent back to l\1. Dumas. Analy-
sis showed that. the air inclosed in these balloons contained the same 
proportions of oxygen and nitrogen with the air taken at Paris; whence 
it resulted that, contrary to the opinion formerly entertained by Dalton, 
but contro\Terted by Gay-Lussac and Humboldt, the coustitum1t pro-
portions of the air do not var,v with the height. l\1. Bra,,Tais devoted 
the eYeniugs, when the sky was sufficiently clear, to the study of cre-
puscular phenomena. Ilis observations, united with those of other me-
- teorologists and submitted to calculation, furnished him a new measure 
of the height of the atmosphere, equal at least to one hundre<l kilo-
metres, a result quite approximate to that which had ueen givenldm by 
the auroras of Bossekop. 
In 1842 the meeting at the Faulhorn was repeated, and the same series 
of meteorological observations were continued, but J\-11\L Bravais and 
:Martins applied themselves moreover to researches in physics of a new 
order. l\1. Peltier, one of our most distinguished and most exact phy-
sicists, snatched away too soon from science. joined them on this oecasion 
and united with l\1. Bravais in measuring the temperature of ebullition 
of water under different barometric pressures. The ol~ject of these 
studies was to perfect the tables \Vhich serve to determine the elevation 
above the sea, from the degree of the thermometer at which water enters 
into ebullition, a method of less incouvenieut application than the baro-
metric method. 
J\f;)I. Bnwais and J\Iartins, aided by ~I. Camille Bravais, who now 
replaced the elder brother, made also important experiments on the 
propagation of sound. Mortars were :fired on the Faulhorn and on the 
shore of the Lake of Brienz, 2,0:!1 metres lower down, the flash being 
visible and the report heard from each station at the other. The per-
ception of the light might be regarded as instantaneous, and by measur-
ing with a seconds watch the retardation of the sound, the velocity of 
jts propagation \Yas determined. It was thus found that, for tlry air, 
at the temperature of melting ice, the ·velocity of the propap:ation of 
sound, whether ascending or descending, is :~32 metres 4 centimetres 
per second. This result accords with that of the celebrated experiments 
made between Villejuif and 1\lontlhery, wheu sound was propagated 
horizontally. 
' 
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In 1843 J\L Bravais made no excursion; it was for him a year of mourn-
ing. IIis ehlcst brother, J\f. Louis Bravais, his coadjutor in the memoir 
on the symmetrical arrangement of leaves, died at the commencement 
of summer, after six months of suffering, borne with Christwn resigna-
tion, in the midst of which he occupieu himself, to his last day, with 
researclws in botany. This painful separation slackened but transiently 
the labors of J\I. A ugnste Bravais. lie speedily returned to them with 
his accustomed ardor, and the year following entere<l upon a new ex-
pedition, the last an<l perhaps the most remarkaulc of those ''Thich it 
was given him to accomplish. 
The supposition is not improbable that two of our distinguished per-
petual secretaries, always pleased at meeting one another on ncut,ral 
ground, had, about that time, exchanged some words on the subject of 
l\L Bravais. J\L Arago had, from the tribune of the Chamber of Depu-
ties, cited him as one of tlle officers who, by their knowledge, reflected 
most honor on our marine, even comparing him, in his extemporization, 
with the geometers of antiquity. 1\L Villemain, then minister of public 
instruction, enlightened also by our learned colleague l\I. Pouillet, had 
the merit' of comprehending the expediency of an adyentnre which 
would crown: by the ascent of Mont Blanc, the preYious labors of l\L 
BraYais, and (lrew upon the budget of his department for the expenses 
of this difficult enterprise. 
De Sanssure was the first physicist who had made the ascent of l\font 
Blanc; J\i. Bravais was the second. lie shared this distinction with his 
friend .M. Ch. 1\fartins, and with Dr. Pileur, his collaborator in editing 
the Patria,. 
It was with no little interest that learned Europe had heard that l\L 
De Sa.nssure, alrra<l.v celebrated for his travels in the Alps, had suc-
ceeded in carrying his barometer to the ~mmmiL of Mont .Blane, and had 
fixed the height of the mountain at 2,450 toises. lie had made at the 
same time several experiments in physics, which have neyer ceased to 
hold an honoral>le place in all treatises on meteorology. But physics 
had made great progress in the space of fifty-seven years; it had be-
come time to renew the experiments of De Saussure, and to add new 
ones, of which no idea could exist in his time. Such was tlJe patlJ which 
the enlightened liberality of J\L Villemain now opened to the hardihood 
and skill of the three modern physicists. 
IIaving left PariR, ,July 16, 18±4, with a complete series of instruments 
of better construction than had ever before been employed in a work of 
this nature, the travelers stopped at Geueva in order to compare them 
with those whieh are there daily employed, with a care and dexterity 
worthy of the country of De Saussnre, and arri\7ed at Cbamouni, where, 
in 1787, this last-named savant had been oblige<l to wait four weeks for 
weather propitious to his undertaking. M .. Bravais and his companions 
were scarcely more favoretl. A first and second attempt failed from 
atmospheric aceidents, which were not unattended with danger, but at 
length they arri 'red, .August 28, for the third time at a wide plateau of 
snow, 880 metres below the summit of the mountain, where their instru-
ments had been permanently fixed for three weeks, under shelter of a 
small tent. The night passed cold and calm, and next day, the obser-
vations of the morning being completed, the ad venturers proceeded, at 
ten o'clock, to climb to the top of l\font Blanc. This was reached, with· 
out any extraordinary difficulties, at forty-five minutes after oue o'clock. 
The wind was blowing with great force from the north west ; the ther-
mometer marked 7° below zero. The sun shone brightly, but vapors 
veiled the more remote parts of the vast horizon, which extends from 
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the Cote d'Or to the mountains of Liguria. The circnmjacent mountains, 
on the contrary, were seen with great distinctness. After throwing a 
g;lanee on this magnificent pmwrama, 1\l~I. BraYais, l\1artins, and Lc 
Pileur hastened to ar.rauge their instruments-barometer, thermometer, 
hygrometer, psy<'hrometer, pyrheliometer, actinometer, eompass; the 
iuctnunent for measuring· the horizontal magnetic intensity; another 
for mea8uring- tlw _iucliuation of the magnetic needle; another for measur-
ing the temperature of ebnllition of \Yater; instruments for olJserYing 
tlw tint,' of the sky and transparence of the atmosphere, &c., another for 
mea:suriug the electric iutensity. The geuim; of De Saussure had sug. 
gested a part of the same experiments, lmt his Pxtemporized instruments 
were less eomplicated tlum those of to-day, whose precision is paid for 
by the minute precautions which their management ('Xacts. 
Dnrill~.!.' the fh·e hours passed on the summit of Mont Blane, onr three 1 
phy~iei. ·ts had time to <leriYe from their instnunents all they \Y('re ca-
pable of yielding, and to collect a series of measurement~ which left 
little to deRire. At the approach of e\~euing, the priHdpal experiments 
in physics haYing been nearly terminated, l\L BraYais estalJlislle<l the 
theodolit(', alHl, assisted by ::M. Le Pilenr, who wrote the angle:; at his 
dictatiou, commenced. a survey of the horizon, measuring the aHgle of 
dPpressiou of each of the mountains which formed it, and the azimuth 
which expressed the direction in wbich it was seen. This eircuit of the 
horizon of llfont Blanc, which had ne,Ter before been madt•, (for De 
Sanssnre had couflned himself to gf'neral rem~nl~s,) will remain a Ynlna-
ble monument for geodesy and geology. The work was almost fiuis!1ed, 
and nothing remained to be taken but the least interesting vart~ of the 
panorama, when the process was interrupted by a phenomenon which 
efpwlly surprised the eight persons (guides an<l traYCl('rs) then asscm ble<l 
on l\1ont Blanc, because, in noue of the ascents preYiou8ly made, had 
any oue Yentured to remaiu tl1ere till the setting of the sun. 
" .. A.t forty minutes after six," says l\1. Bra.vais, in the little work which 
contains his tour d'horizon, "the sun approaching the moment of its 
disappearance, 've cast onr eyes on the side opposite to the lumina.-y, 
and sa,v, not without wo Hler, the shadow of l\Iout Blane prqjeeted on 
the snow -coYered monuta ins in the eastern part of our panora Ill a. I 
took the snmmit of that Rlladow with the the<lolite, and obtained the 
depres~ion of -1°. A minute afterwards it was-0° 48', aseeuding 
in proportion m; the sun declined. \Ye still rcmainecl some ten minutes 
occnpil'<l in packiug our bagg·ag;e, and rather anxious to descen<l 011 nc-
couHt of the shortnesR of twilight on big-It mountains. * * * I haxe 
delim'atecl in the panorama the form then presented by the shadow of 
l\lont Blane. It. rose gradually into the atmosphere, as though tl1is were 
a caHYm;~ on which it was just portrayiug itself. The separation of the 
shadow all(} the light '"a~ strougly defined in its outlines, and it thus 
continued to ascend, riNing above the mountains of the Valley of Aosta, 
until it attained the height of 1°, still remaining perfectly visibh~, Tlw 
air aboYe the cone of shadow was of that rose-purple tint which, in fine 
sunsets, is seen to color the western sky, while the border of this tint, 
along the liue of SPparation, presented a, more intense hue of red, con-
tributing gTeatly to enhanee the splendor o~ the phenomenon. 
·• I..~et the mountains of the great Valley of 1.\.osta be now conceived 
as also si ru ultam'onsly projecting their shadows into the atmosphere; 
the ontlin(' of tlH'ir mighty 8pires distinctly YisilJle; dark, or rather 
faintly green below, lJnt soaring up into that expanse of rose-colored 
1
. •
1't fi'om whieh they were separated by a band of deeper hne; to this 
L1 the precision of the cones of shadow·, and especially of the 
11 s 
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outline of their crests, and, finall;y, tlw e.tfect of the laws of perspecth·e, 
.causing all these lines to conYerge toward one another and toward the 
reflected summit of ?!font Blanc, wbere our own shadows might also be 
. supposed to find a place; still but an incomplete iuea can be formed of 
the grandeur of the meteorological phenomenon which, for those few in-
stants, displayed itself before us. It might seem as .if some inYisible 
being, seated on a throne edged with fire, recei ,·ed the homage of })right-
winged angels who, on their knees, bent in adoration tmnud llitll. 
"At the view of ~o much magnificence, our arms and those of our 
guides remained inacthTe, and criPs of entlmsiasm burst from our lips. 
I lla.Ye seen the splendid auroras of the nortll, with their zenith-crown~ 
of vm·iegated and movealJle columns, not to be eqnn lle<l in effect by the 
Tichest displays of pyroteclmy; bnt the sight of the slwdow of Mout 
Blanc on the ~:;ky appears to me more august l>y far. After imlnlgiug 
for ten minutes in the eoutemplation of this spectaele, \Ye were foreed 
again to think of returning. Portunately, the full moon, rising brightly 
abo,·e the eastern horizon, sufficed for tllat stage of our journey which 
conducted ns again to our tent, where we arrived after fifty minutes 
of very rapid de~cent.'' 
This poetie sally enables us to judge whether tile cold of twelve de-
grees, which then existed on l\lont Blanc, and the management of grad-
uated instruments. had chilled the imagination. We may be sure that 
observers \vho, at the close of the day, remained accessible to sndt vivid 
impressions, luulneglected, during its course, nothiug which formed the 
special o~ject of their toilsome and perilous ascent; and "·e nw~' say, 
without further commentary, that skillful pllysiei!-:lb:; "·lw ha\·c employed 
fifteen hours of assiduom; labor to conduct, ou tile top of Mont Blanc, 
the operations of the best instruments known, who, moreover, h~we OC· 
cupied four days in following their action on the plateau Bear the sum-
mit, could not fail to have put us in possession of scientifie <locnmeuts 
of high value, before which a mnltitu<le of uoubts and uncertainties 
must disappear. 
Having completed, at tlwir tent on tlw grand plateau, the four tlay~:; 
of observation, the travelers descended, September 1, to Ohamonni." 
Here they rejoine<..l 1\f. Camille BraYais, \Yho had been llleanwhile <..'ll-
gaged in making, every two hours, corresponding observatiom:; at the 
same point where l\I. Theodorf' <le Sanssnre, since so celebratpd for hi~ 
investigations in vegetable physiology, had co-operated in like manuer 
in the labors of his distinguished fatiH:r, while the latter was operating 
on .Mont Blanc. Nor were others in<liffereut to tlle issue of the ascent. 
Por a month the father and sister of .JH. Bntvais had goue: ev<•ry day, 
to seat themselves at a spot, in the entrance of the Vale of Amwuay, 
whence 1\Iont Blanc and the suo"·y crests of the Alps may be seen, all(l 
whence he had himself in childhoo(l often contemplated them. 'rhey 
had not failed to be there on the 29th of August, bnt the zoue of Yapor::; 
which, from l\font Blanc, obscured the plaint', hid evc>rything from tl1eir 
view. The same disappointment existed at Lyo11s. \Vith. the lw~t tele-
scopes the adYentnrers could uot be pereeived on the top of tlH' grc>at 
mountain, and the preparatious made hy learned eolleag·ues, .i\Il\1. 'l'a-
bareau, Fournet, Lortet, and other eminent physi('ists, with a Yiew to 
cooperate in the enterprise by their o"-n obserYatious, remained for the 
most part unfruitful. 
The professor of astronomy had se<mred for 11 im!-:lelf, through the 
amenities of intercourse, a larg-e share in the affection of tl1o faculty. 
LiYely, though reflective, in disposition, fnll of kin(lness, of delicacy, 
and <lisinterestedness, l\1. Bravais kne"· bow to enjoy the success of 
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others, and no shade of ri"n1lry eYer found accrss to him. Always dis-
posed to render serYice and to giYe .counsel, "hen aske<l for, lw fnlfillell 
hi::; own duties with the most scrupulons rxnctuess. His 1eetnres <1rmv 
a numerous auditory, for they "·ere en1iYeued by the assoeiation:-; v.-hich 
the Yariety of his studies and experiences pn,srnted 'vitliont etl'ort to 
his mind, and to which his yi\·id imag·ination p;a\'t' an end1<.'RH1y <1iYt'r~i­
fie<l rxprcssion. In spite of the aridit3T snppose<l to be inll<.'l'Cllt in 
mathematical pursuits, his cornTersation was pietnresque nlHl ~..;pmtin', 
and often heightenr<l by sallies in which s~ience allied itself with poetry. 
It \vas ne,·er without regret, tl1erefore, that his colleagues of Lyons lwanl 
him speak of withdrawing. Yet, this l\L DraYais was lwuiHl to think 
of, for the pnl>licatiou of the Yoyage of tlw Scientific Commission of 
the North was mlYmwing, and with that wonld tiuish the mission 'dth 
whi<'h he bad been charged by the ministt>l' of marine. To remain at 
I-vons \Yould haye heeu to renonnce his career as an offi<'('r in that 
bi·anch of serdce, and he sometimes thought of requesting to be sent 
on some new voyage. Those \rho justly saw iu him the ideal of the 
scientific traYeler could not forbear from encouraging: him to do so, but 
an unforeseen circumstance put an erHl to these delilwrations. 
Onr distinguished colleague, -;\1. J.Jame, had jn~t reliiHJuislled th<' chair 
of physics in the Polytechnic School to ocenpy the place of examiner of 
graduates. The cmmcil, with great nnanimit~', designated l\1. B.nwai~ 
to succeed him. The latter, therefore, a llaYallientellant, ·was nominate<l 
to replace l\L Lame', chief engineer of mines, in a school 'vhich fnrni:-;hes 
as 'Nell offieers to the marine as engineers to the corps of mine:::; aud of 
civil con ::-;tnwtions. 
The preparation of a course so high as that with which he was now 
charge<l, gaYr, for somP time, a partienlar direction to the stnclies of l\1. 
BraYais, and be delayeu not to publish se\·erai exc<.'ll(•nt memoirR on 
atmm;;pheric optics and the moleseular constitution of bodies. .....\. year 
after his ascent of l\Iont Blanc he presented to the A.eaclemy a memoir 
on the 1.cltite rainbow, which completed iu a very happy manner one of 
the most admirable theories of physics. 
Until these latter ages mankind had seen in the rainbow a sign of 
hope, without knmving the causes of its appearance. Tlleodorieh, De 
Dominis, Deseartes, had explained its formation l>y the refraction::;; and 
reflections underg·one, in drops of rain, by the ray::;; of the f'nn. :Xewton 
had completed tllis exp1auation by the consideration of the nneqnal 
refrangibility of eolors; but none of these eminent plJysicists, and noue 
of those who after them had been occupied with the details of tl1e 
phenomenon, hatl explained in a satisfactory manner the formation of the 
1.chitc rainbow, which is sometimes seen to make its rwppearance on fogs of 
little elC\·ation aU<l not far remote from the spectator, with a radius 
sensibly inferior to tlmt of the ordinary rainbow. It 'vas re~ern"<l for 
l\I. Bnwais to demonstrate that if a cloud is formed of small hollow 
sphere::;; in which the thickness of the water~: envelope is compri8ed be-
t\T"een thirty-eight and fifty-five-hundredths of the radius of the internal 
yacuum, it must form a white lmniuous arc of thirty-four to forty degrees 
of radius, and consequently not so ~arge as the ordinary rainl>ow of the 
first onler, whose ra<lins is 42o 20'. In ordinary clouds the envelope of 
the globules of Yesicular Yapor is thinner th<lll that required by the 
theory of the white rainbow, whence it results that it is not formed. 
It is only to be seen on heavy fogs attached to the surface of- tho land 
or sea. True, this white rainbow is not one of those phenomeua which 
strongly captivate thr imagination; but it is enough for the honor of 
our colleague to remark that all physicists and Newton himself bad left 
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H without explauatiou. His memoir has filled a gap in the labors of 
the first masters of science. 
The rainbow is not the only phenomenon which drscribes on tllC vault 
of the he~n~ens geometrical figures more or less brilliant, more or less 
YiYidly eolored. Parheliow; and halos, less ii·equent, but not less strik-
iHg than the rainbow, are formed nuder cireumstmwes so visibly differ-
Put, that, far from appearing of good augury, tlley have been regarded 
h,\T the amazed populations as sigJlS of di,Tine wrath. l\Iariotte had pro-
po14ed to attribute these luminom; apparitions to the action exerted on 
the rays of the sun or moon· by tlte frozen particles whieh remain, for 
:-;ome time, snspeit<lP<l iu the atmosphere before falling in the form of 
~now or rain. But Hnyghens lwd combatetl this explanation, and, for 
more than a century, it had been left in abandonment. BntJHlPs, Young, 
G-alle, lGimtz, and other celebrate<l physicists, llOW<'\Tcr, ha(lrecnrred to 
it with better sncc<>ss. But 1\I. Bravais bas removed all doubts by rep-
reseutillg by formulas, re<.lnced whh the ingenuity of wltieh he possessed 
the secret to great si111plieity, the course of the retlecte<l aud refraete<l 
rays, ~lll(l by deducing from their <liscus~ion the forms, however strange, 
of the obseiTed pheuomena. 
According to the greater or 1eRs drpression of the temperature of the 
elm·ated regions of the atmosphere, the Yapor i~ there eolHlcm;ed into 
water which gives rain, or into particle8 of ice which produee snow, sleet, 
or hail. l'he iee crystallizes in regular llexagonal prisms~ \vhich, in their 
most <'1emeutary form, are terminated by plane faces perpeu<..licn1ar to 
the axis of the prism. The prism is somet.inH:>s much elongatell, some-
times, on the contrary, extremely short. In the first ca~e the frozen 
particles formrd in the air are small needles of microscopic diameter; 
in the second they are small hexagonal or stellate plates, of a thickness 
lmrdly measure able. In both cases these little crystals are Yery light. 
They dance in the air like those grains of dn~t which are seen (]llh·ering 
hy myriads in a sunbeam. '_rhey fall, howeYer, thoug-h slowl,y, in air 
perfectly calm. Although microscopic, they have for1n~ of the utmost 
exactness, for the regularity of crystallization is nm·m· more a<lmirable 
than in the smallest partieles of mattm'. 
\Vh<.'n the frozen particles are acicular prisms, the luminons rays pro-
ceeding fi·om the sun or the moon, in being refracted across two faces 
not contiguous of the prism, nuder the augle of minimum <leYiation, are 
broken and pun·me their route, by making with their first direction an 
angle of about 3~0 • In this ca~-;e, if the small prisms quin~r in the air, 
a colored arc is prodnce(l comparable to a rainbow, bnt of 220 only of 
ra(lillf;, of wltich the lnmiuous body occupies the e<>nter and in which t 
the red baud i~ Ritn· ted on the inuei' side. This is the halo of 22o, the 
mol4t fre(plCnt of all. If the small prhaus, or only a part of them, fall 
g-eutly through tranquil air, and take a Yertical position, there is 
formed, on each side of the sun and at the same height, au image of 
that bmly which is called a parheliou, and whieh is distant fi·om it, Yery 
lH~<lrly as i:-:; the arc of the halo, abont 220. The rays of light which 
are rethwtPd, at the angle of minimum deYiation, across a diedral 
angle of 9(P, like that which results from the rectangular incideuce of 
the faces of the hexagoual prism ou its bases, are more strongly deflected 
than in the preceding case and produce the halo of 4G0 • If the prisms 
are vertiea1, they give rise to horizontal circles~ decked with Yery li\'ely 
co1orH, which are tangents to the upper part or to the lower part of the 
halo of 411°. 
\Yhen the frozen particles have the form of small, very thin hexag·onal 
plates, the tliedral angles of 9oo, presented by the outline of their base, 
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concur in the formation of the halo of 4GO; and should their fall throu:,dt 
tranquil air re11der one of their diagonals vertical, the parhelion of ±Go au<l 
the aHthelion make their appearauce. The rays reflected, without disper-
sion of colors, on the vertical faces of the pri1:1ms alHl hexagonal tablet:-; 
prmluce the parhelic circle of 1\f. Babinet, ·which is brilliant hut colorle:::;:-;. 
Oth<.•r combiuations may be conceived, almost all realizt>d in nature; 
moreover, the microscopic crystals of ice, besides tlwir principal fact>:-;, 
sometimes 1n·es<.'11t secoiHlary facets, whieh also gin~ rise to r<>fractioni4 
and retleetions, the effect of which is to break the ray of light, in Pach 
case, nwler a speci<ll angle. The analysis of all the possible cases of 
this kilHl, and the complete explanation which results therefrom of all 
the phenomena ob:-;erved, eve11 the most singular and most rare, fur-
nished 1\L Bravais the subject of the cousm11mate memoir which is fresh 
in the admiration of learned Europe. 
Ummi<leriug tlle phenome11on under all points of \icw, .:\I. ·Brm-aiR 
completes the study wllich J\1. Arago had gi\eu to the pohn·izatimt of 
light in hnlos properly so-called, by extending it to all the part::-; of me-
teors of this nature. 
Equally skilled as an experimenter, and yersed in the nuwagement 
of analytic formulas, he coucci\Tes an i11gcuious apparatus which, by the 
rapid rotation of a trauspareut prism 'vith vertical axis, rt~preseut~ with 
much exaduess the multitude of needles or vertical flakes of h-e HUH- · 
pended. in the atmosphere, whose horizontal movement, dispersed in all 
<.lirections, protlnces the greatest numlx~r of atmospheric illnmiuation;-;. 
By me<lll~ of thi~ new in8trnmeut, and of artificial light, we arc able to 
L'eproduee in a cabinet of physics most of the pheuomena of meteoro-
logical optics. 
In l.Japlawl and on ~font Blane l\1. Bravais had had numerous o·ppor-
ttmitiet>~ of observing the crystalline forms of snow. lie had often met 
with admirable crytStallizations of congealed water, and had nhn)ys de-
-scribed them with a peculiar }Weflilection. In his memoir 011 halos he 
employs the notations ~md formulas whieh represent tlle crystalline syH-
tem or the i<:e, as one perfeetly conversant with them and tlwronghly 
master of theh· prineiple. But he did uot stop ther , aml his stn<lies 
eventually extended to the whole scieuce of crystallography. 
In his viPw crystals arc assemblages of molecules, i(lcuti~al aR n'ganls 
o:w another, ~tnd similarly oriented or arranged, which-being reduced 
in thought to a. si11gle point, their eenter of gravity-arc disposed in 
reetilitwar and parallel rows, iu each of 'vhich the distance of two point::; 
i::; f~OIH;hmt. 
The points of an cw:.;emblage arc aligned in rows, eorresponding to an 
endless number of different directiom;; bnt the knowledge of three row"' 
not parallel and uot comprised in the ~ame plane is sufficient completely 
to determine the as:semblage of \Yhich they form <t part. An infinitude 
of assemblages entirely different may be coucei,~ed. By a, profonud 
mathematieal stndy l\1. Bnwais had stwct>eded in discoveriug the de-
grees or symmetr~,, more or less great, of which they are susceptible. , 
lie fiiHh; tlw a.x.~es and the planes of symmetry whiell they may present, 
and establishes that according to the number aud arrangement of these 
axe:s aml plane8 of symmetry, the assemblages possessing them are diYided 
into Nix da:;ses. .Dy addiug to these th0 asymmetric assemblages, ia 
which th<.'re exist 11either axes nor planes of syunnetry, we have sm-en 
classes of a8sc1nbla[;es. Thus are e,-olved the most simple and general 
laws of the symuwtry ol>senTed iu crystals, aull the adoption, iu crys-
tallography, of secen crystalline sy:stem8 is a necessary consequence. Of 
this llai.iy llad had an iud.istinct perc-eption; but he concluded that t\YO 
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of the s,;stems might be blended in a single one, and after him all crys-
tallographers ltad admitted si.XJ crystalline systems only. l\1. llran1is 
flemonstrates that it is necessary to return to tlle number seven, and this 
dl'lllOllstratiou, accompanied by all the light "Thiell results from a ge-
ometric analysis so profound as his, is no slight addition to the immor 
tal ereation of llaii.y. Lagrange and Laplace had followed, in 1784, the 
lessons of the ingenious iu\~estigator of crystals, uut had been content 
,,~ith simply admiring them. The grounds of the beautiful science due 
to his genius had never been studied from so high a poiut and with so 
mnch generality as in tlw memoir of l\1. Bnwais on t.he systems formed 
by points j a memoir to whid1 our illustrim-:.s Cauchy has, in a remarka-
ble report, given his most uuresen~ed sanction. 
Yon (lo not expect me, gentlemen, to cuter here into the detail of pro-
eec'tling;..,, though shnplc, yet rigorous, by which in a st>corul memoir, en-
title<l Et1ules et.IJSfallographiques, replacing cmpiricalrulrs by the theo-
rems of ge01i1etry, ::u. Bravais deduced from his fundamental results 
nll the formulas of cry:-;tallography with that mmTcllons facility which 
denotes almost infallibility in the radical solution of the difficulties of 
a ~n~jeet. Being limite<l as to time I shall restrict my:.;;elf to the state-
ment that in the sectln<l part of tllis memoir, ceasing to reg·ar<l the mo-
1Ptnles as points and com.;idcring them as small uodie!-l, \'>hiC'h he calls 
atomic polyhedrons, he throws light upon the relation~ which exist ~e­
tm_'('ll t~H'se latter and the yarions erystalline system~. lie reduces to 
simple bws the phenomenon, until then almost unknown, ·of the hemi-
lle<lrnl, upon whieh onr learned fellow-memuer, l\I. Delafosse, in a justly 
<:elehrate(l nH'moir, has difl'nsed unexpected light. l\I. Bra·ntis demon-
snate:s that he could exhibit twenty-th-e cases of hemihe(ll'al fonm;, of 
\':hieh only CleYCU had before ~een diSCOYercd, though the::-;e \Yere for a 
long time amply snilicient to exercise the s~1gacity of crystallographers. 
Not forgetting dimorphism, one of the claims of J\litscherlieh to tlis-
ti:l<'tiou, nor the curions cliscO\~cries preyiously made ~y our iugeniom; 
fellow-uwmber, l\I. Pasteur, 1\I. BraYab;, in a third memoir, gi,Tes the 
re::;nlts of his eqnally successful labors on the 1)ecnliar form of erystal-
lization exhibited in a mineral called maelc and hemitropes, whi<'h had 
hc•t>n in rheir turn a stumbli11g-~lock to the cry~tallographer. Alwnt this 
time he was ah;o at work upon inYeHtigatious relative to tho <:onnection 
of atmoHpheric optics and crystallization, as well as compm;ing various 
memoirs npon subjects entirely different, but relating for the most part 
to meteorology, some of \'.'hich are not the Jess 1·emarkable from being 
outside of this ~ranch of physical geography. 
He wm.; cndO\ved with a renmrkable facility for all kinds of intellect-
nalln~or, and he possessed the rare faculty of occupying himself at the 
same time with the most varied ~ubjccts : hydrography, na\'igatiou, 
a:-;trouomy, atmospheric opties, physics, properly so called: geometry, 
crystallography, pure analysis, au<l natural sciences, were at once the 
~ml)jects of his ill ,~estigrttions. It might be said of him, notwithstand-
ing the apparent opposition of words, that the uniYersal was hjs spc-
<:ialty_ 
...:.\f1 his memoirs have received honorable notice in our '' Oomptcs-
Rendus," and met with merited succe~s by their publication in the most 
esteemed scieutific transactions of the day. They continually l)reHeut 
iugeuious and frequently profound conceptions, which are well worthy 
of t-~pecial attention, but which, for \Yaut of time, I am not at present 
able to specif~'· The works of Bravais, taken iu their totality, are of 
immense extent, p.nd I am forced to limit my~elf to a sketch or the prin-
eipal treatise. .A.s an astronomer, called upon to give au abridged idea 
of the firmament, can only speak in detail of the stars of the first mag-
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nitmle, so I must be content merely to mention among the works of 1\f. 
I3ra \'ni:;; t wse which form bis chief claim to the approbation of the 
Ac:Hlt·my. 
By hit~ inYestigations on erystn11ogTaphy he associated his 1unnr with 
that of the immortal Hai.ly; from his ascension of Mont Diane he cou-
nedr<l it \Ylth that of De Saussnre; in his wol'l~ on J;apland he was the 
worthy colltinuator of tlw celebrated Yoyagt'S of Leopold von Duell, and 
of the profound stmlies of Jlausteen. IIi:::; memoirs upon halos, pnrhe-
1ion~, :m<l npou tht• white rainbow, complete<l in the most lwpp~- m:muer 
the theories of Mariotte, of IIuygbens, alld eYer.. of Descartps and Xew-
ton. After snch achie,·em<:nts, geHtlelllen, the name. of l\1. Drnxnis eonld 
uo long·er remain separated from tlwse of the mem b~rs of the Aea<kmy. 
In tht• lwginning of the year 18.'34, by the death of Admiral Hom;sin, a 
pla('r was made Yammt in the seetion of geogrnplly and11avigntion \Yhich 
::\1. Bravais \','HS elected to fill. Yon W<.'re dght in Rnpposiug tllM this 
""<18 in your rank~ the most befitting place for a sailor aud a tr~weler 
who had enriched by so large and Ro YariNl a mass of obserYatiom; the 
domain of physical geograph~·. 
Admitted to a seat in the ..c.\cat1cmy, ~I. I3ra \·ais testified his gratitude 
hy his assiduity, by the number and importance of his communications. 
Still he did not e11joy as he 'Yould ltaY(' done se\-cral years prcYious, the 
llonor, long· mHl ardently desired, which erowned so worthily an ex-
temh'd <'<trecr of 1:.1 bor illuminated with flashes of g·cnius. lie W<IS no 
longer \Yhat he had lw<>n; a Yh;ihl<' ehange was ''Tonght upon llim. A 
yeil of sadness was tlu·myn oYer that countenance, marked \Yith open-
ness, mo<le~ty, a1Hl amiability. At. the close of the year 18-17 l\1. Bra-
Yais wns united in m:nTi:1gc to ::\lndemoiselle Antoinette .:\lontic, of 
Paris; an<l he ibnnd in thi.· union all the elwrms of a new life. llis 
time dh-ide<l betwern the plemmres of family interconne and the con-
tinuation of llis \YOl'kH, he lwd nen.'r lalJorell with more ardor nor taken 
a. more aetiYe part in ,'d<'ntifk ('llterprise. Independently of hi~ innn-
merable pnlJlicatimts: he h:~d 8Rsistetl in establishing the .rlnmw ire Jlle-
teorologique de ]?ranee, an<l was one of the prineipal fonlHlers of the 
~Ieteorological So<·iety, \Yhicl1, at ib; first session, in 183:!, elected him 
its annual president. Bnt tlH' year L'.);3, whieLl preceded his election to 
the Aen<1Pmy, was for him oue of dis:n;;trons auspices. At the eom-
meneenwnt of this fahl year he lost his father, the Yenerable frien<l 
\Yho, haYillg' been his fln;t tPaeher, eontimwd deeply interested in his 
labors, r<>g-<w<ling them with teuderne:;s mixea 'Yitllnoble pride. Almo~t 
at the s:un<' tinwhis ou1y son was taken from him by au epidemic of which 
the fatal intlnenePW<W p:nticnlarlyfelt at Paris among children. This was 
a mortal blow, from \':hi<'h he llen~r recoYered. Peeuliarly susc<'ptible 
to Hnnily ail'ectio11, wl1ieh was tlw charm aud support of his liit', ·with 
his father <li::lppt•m·e<l t!w enchantlllent of his earliest and sweetest rt>-
IIH'Illlmlll<'<':-1. On<> broth<>r <lied soon after; he lmd lost another ten 
~-eart' pn·Yions. \Yith hiH h<'lon·<l clllld yanislle<l foren'r the joys ofpater-
nity-1:thor Mill remrine<l for him, and be applied himself without re-
laxatioll. Jl(' \Y:U5 stinmlatc<l by the desire to rt>pl,Y to the kind wel-
conle of th<· A<'~H1t>my, :liHl b~· tlH' eouusels of hi:-) frieJHls, who end(':lYored 
to \Yin him hy work from L•.l' l't'mrmbnmce of ]lJ,' gTi<:f~. He tini~•lwd a 
Immher of memoin• t·ontainiug important resnlt~;, and C'Yideutly wPnt 
lwyond his Rtrenp;tl!. lTiwt>asing; labor soon began to t<'ll npDn him. 
Skt>p ile<l from his <>yelids <lnring tlw Hip;ht, and 0\-erpO\Vf'ct'd him 
during the <lay. This \ra~ in accordance with his feelings. He wished, 
as in hi~ ealJin of the Ijoiret, to consecrate his nights to work; he even 
desired, as in Laplawl, to Yanqnish sleep lJy coffee; but his organs no 
longer retained tlw flexibility of youth. 
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:l\fndamc Bravais was convinced that labor would be a salutary diver-
sion for her husband, while at the same time she dreaded excessive 
fatigue. Tenderness came to her aid and prompted her to resort to a 
plan to avoid this evil. It was a charming and at tlte same time heart-
rending sight to see her as early as four o'cloek in the morning assisting at 
his table; forg·etting her own griefs, by tnrus mH.h .. avoring to mo(lerate 
his ardor, and to rah;e his waning courage. nut the evil eontinually,in-
creased, the work no longer amonnte<l to any thing; HH'mory was at 
fault; he could no loup:er recover the ingenicnm i<leas which he lmd pre-
viously remembered without committiug them to paper. lie wi~'he<l to put 
the last totwhes to a large memoir upon mirage, which would lwve com-
pleted his labors 011 meteorolog·ical optie~, and whieh, with his mmal 
modesty, he pronom\eed the most imperfect of his \Yorks. lie eorreete<l 
it; he curtailed it; he spoiled it, and, alas, finally made the sad discovery 
that it was impossible for him to complete it. The darkuess oft he nig·ht 
seemed to Rhroud the intellect hitherto so active and brilliaut; he left 
the Polyteelmic School for ever, and we ceased to sec him among us. 
A well-known disease deyelope,d itself, accompanied with icver and 
great sufl'{'riug. lle was sustained in this trying period by <1(-'ep re-
ligious seutiments, the nualterable sweetness of hi~ character manifest-
ing itself in a wonderful resignation. 
J\fallame Bravais wt>nt. with him to Versailles. She obtained quarters 
at the entrance of the park, and later near the Bois de V<mcresKon and 
of Lamarche, ehangi11g her residence as often as \Ya~ needful, in order 
to obtain new and pirtnresqne situations. This at first sePmcd to please 
him, bnt at length ceased to produce any efl'ect. lle ~till took quite long 
·wall\:S'with his frieiHls, who remained faithful to him iu his misihl'tnues, 
partif'ularl~- with Doctor Berigny, collaborator in the Annuairc 1li6teo-
rologique, whose nnceasing devotion continued io the end. He retained 
his strength, and preserved all the sweetness and kind expression of his 
countenance, hut his memory was goue beyond recall. lie recognized 
neither ol1ieets nor individuals, perhaps even <1i(l not always know dis-
tinctl,\- the oue who became to him a tender moth<.'r, consecrating her life 
to relieving hi~-; suffering~-;, and administeriug to his wants. 
Some glimp~-;e of light oceasionally piereed tln·ongh this cruel night, 
and gave ri:-;e to hopes which unfortunately \Yere destined soon to \au ish. 
One day lw saw, on enteriug his chamber, his uuiform as a marine 
otlicer, hanging over a chair; his face brightfnc<l, and a tear escaped 
from his e:ye. Another day he smih'd on receiving a bouquet of wild 
flowers, ,iYhieh his sister had gathered for him and laid upon his knee. 
This was the last smile of our fellow-member; he passed away on tlw 
30th of 1\lareh, 1863 . 
.:\latlame Bravais only left her pillow to pray near his coffin. The 
tomb alone separated her from one to whom tor seveu years she had 
been as a guardian angel. Ilaving lost all whom she loved ou earth, 
her only son and her ltm;;band, she felt as thong·h there was no longer 
a place for lwr in thr world. She ewbraee<l a r<>ligions life in a convent 
belonging to oJJe of the mo~-;t anRtere orders, \V here happily she lw~ found 
eonso1atiou in her devotion and iu the assurance wlticll has been gi,-en 
lter that the threads which were broken upon earth will be united. iu 
Ileaven. 
Gentlemen, ma.v the honor which you bestow to-<lay on the remem-
branee of a dearly beloved husband penetrate into this nsylnm of grief, 
and become a balm for a wonnd which m-en time will not hrL,Te power 
to heal. The voice of the heart is heard under these sacred vaults, 
where the voice of the world may not penetrate. 
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By Cru.nLEs Rw. 
The family of the celebrated botanist and ethnologist, to whose mem-
ory this sl~etch is dedicated, traces its origin back to Galeottns 1\Iar-
tius, a famous pllysician and astrologer, born in 1427, at Narni, in 
Umbria. About the year 1450 he oceupied a professorial tltair at 
Padua, bnt, persecutefl by the Inquisition on aceonnt of reformatory 
tendenci('S and compelled to leave Ita~(, he subsequently went to the 
court of thr learned King l\1atthias Oorvinns of Hungary, who ap-
pointed him his counsellor and librarian. 'l'he dt'scendants of Galeot-
tus mostly spread themselves over Germany, and many are known to 
lw,ve p\lrsned lear11ed professions, thus forming au ancestry \Vorthy of 
their di~tinguished successor. 
Carl Friedri<;h Philipp von l\fartius was born on the 17th of .April 
1794, at Erlangen, Bct\'aria, where his father. Ernst \Yilhelm 1\Iartins, 
owned an apotheeary establishment, holding at the same time the po-
sition of honorary professor of pharmacy in the university of that city. 
A man of superior general acquirements, he was especially interested 
in botany, and has left some writings 1·elative to his fhxorite stndy. At 
the adnmced age of ninety, he published an interesting and "·ell-writ-
ten book, eontaining recollections of his long and eyentful life. lie 
die<l in lH-!9, in his Binety-tllinl year. 
His ehlcst sou, the subject of this sketch, was carefully edneated at 
home and in the schools of Erlaugeu. At an early age he already dis-
played the gf:'rms of those talents which afterward made him conspicu-
ous in the world of letters, and, when Htill quite young, he m<mifested 
a determined resolution to devote himself to a scientific career. 'rlwugh. 
his juvenile inclinations leaned. toward natural history, he also exhibited 
much tm;te for the study of ancient elassics, a tendency which, uurtnred 
by skillful teachers, not only <hweloped and strengthened his intel-
lectual capacities, but also enabled him, when in after years he 
compose<l many of his writings in Latin, to express himself in 
that language with a precision and elegance not often met with 
in our time. In fact, during his whole life the reading of Latin 
and Gr<.>ek authors formed one of his principal recreations. \Vheu 
only sixteen ;vears of age, :Martins was admitted, in 1810, ns a 
student ill tbe nnivcrl:iity of his native town. He bali dec·ideu to 
prepare himself for the medical profession, clliefiy because this study 
afforded him the widest field. for indulging in Lis love for natural 
sciences. His f<·worite branch, botany, was tlJen taught at Edangeu by 
a pupil of LinnmnH, the learned Schreber, w·bo does not seem, howevm•, 
to haYe been giftrd with a happy method of imparting information; 
hence .Martins and his fellow-students felt more attracted by the lectures 
* N OTE.-It is but fair to stato that most of the facts contained in tbi::; sk<'tch ha vc been 
fnrniRl!e<l by C. 1<,. :Meissner's Denkschl'(f'l auf Carl Jt'ricrlr. Phil. von ~1Ial'lill8, (.Munich, 
1R69.) The article Carl Philipp t·on Mw·tius, sein Leben und seine Lei8tnngcn, iu the 
Auslancl, (No. 38, 1869,) bas also been used. 
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of other professors of the nniYersity, such as IIil<.lebrandt, IIarless, 
Gohlfuss, Vogel, Wendt, and others who flourished at that period. In 
1814 l\iartins received the dipLma of docto'r medicinw, having passe(l 
with honors the examinat\on necessary to obtain that grade. llis in-
augural dissertation was a critical catalogue of the plant:.:; in the botan-
ical garden of Erlangen.* In this first literary attempt, wbieh forms an 
octavo volume of 210 pages, he followed the classification of Linnreus. 
Shortly afterward we find l\Iartius among the cleves of the Hoyal Acade-
my of Sciences at l\Iunich, deeply engaged in botanical studies, and 
appointed assistant to Schrank, the coHsen~ator of the botanical garden. 
An excellent opportunity being thus offered to the young botanist of 
enlarging the knowledge already acQuired, he devoted himself with en-
~hnsiastic zeal to a pursuit that barmouized so well with· his taste. 
\VhiJe in this pm;itiou he published his Flora Oryptogwnic(t Erlangensis, 
(Norimbergw, 1817,) a work alre.ad~T begun at Erlangell, which embraced 
his first independent inYestigations, and attraeted by its merit:; eonsid-
erablt> attention from competent botanists. His superior taleuts, com-
bine(l with an indefatigable industry and excellent personal qualities, 
could not fail to endear him to the older members of the Academy, men 
emiuent in their special departmeuts of scicnee, who exerted a most bene-
iicial nud lasting influence on his miml. Indeed, he was placed in an 
eirdal>lc position; fortune smiled on him aud smoothed his path to dis-
tinction. One circumstance, however, must be particularly mentioned 
in thi~ place; for it is tbat on which his future success in life chietly 
d<~pemled. ~rhe King of Bavaria, l\Iax Joseph I, an ardent loYer of 
botauy, freQuently visited the botanical garden of his c::tpitaJ, on which 
oeeasions he usually selected Martins for his eompa11ion and guide. 
Thus becoming acquainted 'vith the young uatnralist's acQuirements 
and talents, he honored him with his special favor, and seized upon 
the first opportunity of show-ing his good will in a practical mmmer. 
'l'his excellent monarch had for some time concei\~ea the plan of sending 
scientific explorers to South America, aiHl in 1815 he had already cou-
ferred with the Academy in relation to this matter; yet tn'o years 
elapsed before the realization of his design. In 1817, when the Austrian 
Archduchess Leopoldiua, the bride of the crowu-priuce of Brazil, after-
ward Emperor Dom P<-'dro I, was about to depart for tho New \Vorld 1 
::.\letternieh caused some Austrian savants, eharged with seientifie ln bors 
in Brazil, to ht• added to the suite of the princess. Tlw Bavarian gov-
ernmPnt, wishiug. to profit by this occasion, asked, and was granted, 
permis:3iou to st~ud in the same Vf'ssel two naturalists, who, upon their 
anintt iu South .America, were to carr,y on their investigations in<le-
peudent ly of tile Anstriau corps. For this purpose l\Iax Joseph selected. 
as botani~t hi:.:; gifted protege 1\Iartius, then a yonng man of twenty-
three, an<l Johauu lbptist You Spix, a member of the Academy, \Vho 
\Yas to take eharge of tlw zoolog-ieal department. Ou the 2d of April, 
1817, the party left the harbor of Trieste in the Austrian frigate Austria, 
and touching at l\Ialta, Gibraltar and .l\Iadeira, reaeLed Hio ,J aueiro, 
after a pro,'peront:~ voyage, iu the middle of July. One may easily 
imagi1w the feelings of the two traYel<)rs~ especially of the youthful au<.l 
euthn~iastie )lartius, when they stood upon the soil of the wonderful 
eountl·y that lay before them with all its treasures of uature-the very 
El Dorado of n naturalist, then far less explored tllan at the present 
tim.e, and promising the richest han,..est iu mTery field of natural science. 
Ou the 8th of December, 1817, tuo two llavarian savants set ont, on 
their expedition into the interior. IlaYing first Yisited tlle province of 
---------
* Plantarum Horti Aoademici Erlangensis Enwneratio. Erlctngce, lt:!l4. 
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San P<.lo1o, the~y passed in a northcastrr1y direction through the prov-
ince of l\Iinas Geraes as far as l\Iiuas :Nonu.;; theu through the Serra 
Diamantina, touching the province of Goyaz, \Yhen they tunH:'(l ngain 
toward the northeast and proceeded to San Sal \Tad or, the capital of the 
provinee of Bahia. They arrived there in NoYeml>er 181~. After a 
short S<~journ at this ]Jlace, and hadug visited tlle JJotocu<los aud other 
adjaeeut Indian tribes, they cotltinued tlH'ir journey toward the north, 
traversiug the provinces of Pernambuco, Piauhy, au<l l\Ltraultao, until 
the~· r<'aehed San I.Jniz, situated at the mouth of the Itapicur(l. From 
there they went l>y sea to tho estuary of the Amazon River, arriving at 
Para in J nue 181!). They then ascended this mighty stream for more 
than two-thirds of its length, as far as Tabatinga, e1ose to the f on tier 
of Peru. The tra\yelers having separated for a while to vh;it different 
parts of this region, l\Iartins explored one of the tril>utarics of the 
.Amazon, the Hio Japur{l, (Yupur{l) until he arrived at tlle cataract 
Salto Grande de Araracoara, which impeded a further adn1m·e. ~rhe 
larger <lftlnents of the great ri\·er, the Hio Negro and Uio ~Iadeira, were 
like\rise explored some distance, the latter as far as the districts of tile 
1Vluudrue6 and JHauhe Indians. It must be remembered that the mnyi-
gatiou of those waters, which is now greatly 1aci1itated Ly ~~tram Yes-
seh;, ha€1 then to be perforJUed in lJired or purchased boats, which, bt1ing 
1nmmed \lith IIHlian rowers, a.fforded hardly room for the traxelers aud 
their eYer increasing luggage, and o:ff'ere<lno ot1ter protection :1gaiust 
the lmruing equatorial sun and the he::wy rains but a slight eo\·er con-
structed of boughs. Amid a multitude of iu(•omyenicncc~, and some-
times exposed to real danger, they had to kePp their jonmah;, and to 
prepare and preserve the natural ol>jects obtaiuetl during tlH'ir ex:cur-
siom; on the lJanks; yet the collections they brought back, whieh now 
enrieh the mnsenms of l\Innich; bear eYideuce of their gn•at KH<·eess.* 
Descending the Amazon, tlley arrin~d again in Para in the ll i(l!lle of 
April IH~O. Two months afterward tlley embarked for Lh;bo11, and 
reached .lUnnich in Dt·centber 18~0, after au absence of uear}y fonr years. 
The expedition of Spix and :Martins certainly ranks among the most 
important enterprises undrrtak<.'ll for scientific pnrpo:scs iu tlli.' e<>ntnry. 
Their explorations extemle<.l over a distance of nearly one thousand 
four lnmdrctl geographical milcH, nnd lmve, like the travels of Alex-
ander von llnmbol<.lt, furnished the material for nnnwrou8 work~ em-
bracing nmuy departments ot' science; in<leed, the perio<l of IH':U'i.Y half 
a century, which has elapsed since the return of the naturalists, was 
not ~mtticient for fully developing, and giving to the ~cieutitie world, aU 
results of their researches. Since La UotHlamine dcsceude<.l the ~\..uut­
zon, Spix and l\Iartius were the first learned Europeans who visited 
tho~e mighty water:s; atHl though other::; had previously explored cer-
tain vortions of Brazil, the country, on the whole, still renwiued com-
parativdy unknown. lienee the importance of the n,nyarian Pxpedi-
tion. 1'he names of Spix and .1\Iartiu:s are intimately connected with the 
natural hi~tory nu(l ethnology of the empire, and will be gratefully 
rememl>cre<l in future time.~ l>y all those who take a scientific interest in 
that eonntry, or wish to inform themselYes concerning its condition in 
tlle early p:trt of our c(•ntury. 
"J3e:-;i<lP:-; \"alnahk mint•ralogical n.n<l g<~ological speeimens, their collections embraced: 
Jn:unmals, i:l:-> specie:-;; hinls, ;~50; amphibia, 130; tisbes, llG; mseets, :!,700; araclmidae 
aiHl ern:-;taconns, each 50; plants, ahont 6,5UO. The latter, mostly repre~:>ente<l hy sev-
eral spl'dllWII:S awl earefnlly pre:-;el'\·e<l, collstitnte now the most valnable portion of 
the royal l1erbarimn at :Munid1. The lJot~tuica,l garden al~:>o received it::; share, partly 
in living plants, partly iu such as were raised from the collecteJ. seeds. The whole 
was plaectl under the care of the Academy. 
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The Brazilian voyage laid the foundation of Martins~ future success. 
On the very day of their return, he and Spix were decorate<l by the 
King with the civil order of Bavaria, and shortly afterward l\IartiuR was 
elected a member of the Hoyal Academy, and appointed second con-
sen.,.ator of the botanical garden. At the 8g'O of twenty-six l\larlius 
alremly enjoyed a reputation which, in common life, i~ usually only 
acquired by men of riper years; for not ma,ny are htvored with adyau-
tage~ sueh as were oifered to Lim. llis SQjourn in a country perfectly 
now to him, and hence the necessity of acting independently, had made 
him self-reliant ~md practical, while the number of ol>jects constantly 
claiming hi~ attention L::ul served to quicken his l)Qw·er of pPrcrption, 
aud to deYelop all those qualities which, when combined, constitute the 
true naturalist. His experiences in the wilds of Brazil were to l1im a f::tr 
better school than many years spent in const~wt closet-study. 
His return from Brazil marked the beginning of a long-continued lit-
erary acti\,ity, resulting in highly important works, to which reference 
"-ill be made hereafter. As an event of this period we h<we also to 
record his marriage with an accomplished lady of noble <lescent, a union 
which gaYe him a home and a family, and promotPd in no small degree 
the happiness of his exi1::ltence., ThP domestic circle was to him through-
out life an asylum of peace and contentment, where he rested from his 
professionallaborR, en,ioying tho society of his family awl of muuerous 
ii'iends who loved to gather under hi~ hm;pitable roof. A great change 
occurred in J\Iartim;;' vo~:-~ition in the year 18~G, when King }.;mhrig I, 
who had ascended the throne of Bavaria, transferred the university of 
Lands hut to l\fnnich, and appointed him professor of botany. Six years 
later, the first conservator of the botanical garden, Von Schrank, being 
then yery old, retired fi'om office, and l\Iartins was installed in his place. 
He was eminently qualified for discharging the duties now incumbent 
on him. Perfectly acquainted with his seience, he possessed. the faculty 
of presenting it in an easy and attractive uuwner. He spoke with ele-
gance and fluency, and sometimes, when canied away by the sn~ject, 
his eloquence even partook of a poetical character. For practieal de-
monstration the botanical garden, carefully ~:-~nperinteu<lcd b.v l\IartinH, and 
the herbarium, afforued ample means, to which must l>e ad(h•<l frequent 
botanical excursions UIH.lertakpu in company with the stu<lent:-i, "·ith 
whom he entertained very amicable rehttions, gaining their atfeetions 
no less by conscientious instruction than by the beum·olent, lMternal 
friendship he bestowed 011 them. Among the number of his pupils who 
became prominent, may be named .Alexander Brann, Hugo von }fohl, 
Carl Sehimper, 0. Sendtner, 0. H. Schultz-Bipontinus, and Spring. 
In 18±0 1\I<.trtius was elrcted secretary of the physico-mathematical 
claRs of the Academy, a.n honorary ofiice imposing much labor, which 
he performed until his death with c~re and punctuality, aud great ~td­
Yantage to that scientific body. By this position he \Yas charged witlt 
all correRpondeuce and literary exchanges with other leanwu institu-
tions, and wheneyer a foreign or resident member of the .Academy died 
it was his duty to deliver an address commemorative of the life and 
merits of the decease<l. These eulogies h~·we been much admired for 
the excellent style in which they are composed, and the skill di~pla,yed 
iu the general treatment. They are deemed fully equal to the celebrated 
cloges by Onder au<l Flourons.* 
------------------------------------
¥The enlogics re:.tll by Martins are conbtiucd in an octavo volnmc of 619 pages, 
entitlell ..J.kwlemi8clw Deukl'cden von C. F. Ph. von 1lial'lills, (Leipzig, 18HG.) Tlwse of fL 
later <late (on Faralby, Brew~ter, l!'lonreus, &c.) were pniJlislwtl iu the traus:tetious of 
the Academy of the year lt3G8. 
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For the rest, the professional career of :Martins is not marked by any 
striking incidents. Lectures, literary labors, and the superintendence 
of tltc botanical garden fully occupied his time, and his t:•avels, after 
the American Yoyage, extended not farther than Prance, Belgium, Hol-
land, England, and Switzerland. He used to spend his smnmer yaca- · 
tions iu the picturesque Ba'rarian mountains, especially at Schlehdorf, 
on the Kochel-See, where his hospitable house formed a rallying-place 
for his numerous friends, who remember with feelings of gratitude the 
days p:.Hs:::-~ed there amid delightful natural scenes and in a highly intel-
lectual, refined society. Though of a vigorous constitution, Von J\Inrtius 
\vas in later years subject to those chronic indispositions which usually 
result from tlJe sedentary habits of men of letters, awl he found himself 
therefore obliged to resort repeatedly to \Yatering places, especially to 
the mineral springs of Kissingen. The salutary effect tleriYed from tlte 
u~e of these waters was in some measure counteracted uy the bustle 
and distractions peculiar to such localities; for, meeting there <listin-
guisbe<l friends, and ueing, moreover, naturally inclined to social life, 
the mental excitement produced was rather unfavorable to the improYe-
ment of his physical condition. 
In the year 183± au unexpected event caused the premature termina-
tion of l\Iartius' official actiYity. It was <lecided by the government 
that the gla.ss hnildiug for the industrial exhibition theu to he held at 
J\lunich should be erected withiu the area of the uotanical garden, 
which had but lately undergone great improvements at a s(tcrifice of 
much time and labor. It wa8 in 'rain that l\lartins remonstrated against 
a mea::mre which ,tltreatened his beloYetl institution with serious disad-
Yantages, and when he found his objections unavailing, he fiually l'C-
signed, deeply disappointed, both his professorship and the ~mperinteuu­
e~ce of the boti::wical garden. 
The literary activity of Professor Von J\Iartius was very great. The 
"Titer has in his possession a printed list of his works and miHor writ-
ing:;;, .. which embraces no less than one hundred and sixty titles. A 
number of these publications are written in the Latin lauguagT·, ami 
mo~t of them, of course, relate to botany, his specialty in science; but 
there are also valuable coutributious to ethnology among them. In 
treating· of his merits as an author, it is proper to mention tirst thenar-
rative of the Brazilian voyage performod by him and Spix.* This is a 
snb~bmtial and most carefully prepared work, in three quarto volumes, 
aceomp<mied by an atlas of large size. The- volumes appeared respect.-
iH'l.Y in 1~~:~, 18~8, and 1831; 8pix, however, died in 182G, and hence 
the two lm.;t Yolumes were almost entirely written u,y· :Martins alone. 
J~h-ery one who examines this work must he struck by the vast amount 
of vnriPd information it contains, for the travelers directed tlwir atten-
tion not merely to the natural history of Brazil, bnt investigated also 
\Yith sParehing care everything else within their reach which they 
deemed worthy of inquiry. TllC nature of the country, its productions, 
differe11t ract>s, social condition, commerce, agriculture, mining, statis-
tics, &e., arc treated with a surprising minuteness, anrl, where the sub-
ject is of an elevated character, in a superior style, which has repeatedly 
~> Rr'i8e in Brasilien, auf /Jefclll Sr . .1liC(jesti.it Maximilian Joseph I, Hiinig1:1 roll Ba.IJCI'II, in 
den Jahl'c1t 1817, ldl8, ltl19 nncll820 gcmacltt, llll(l beschrieben ro11 J . IJ. ron Spix wul C. F. 
Ph. ton "lfm·tius. Three vols., 4to; :Munich, 1823-:n; \Yith an atlas. 
'I' here i~ an Engliflh translation of the first volume uy II. E. Lloy<l; LolH1ou, 1824; 
2 yol::;., 8n1.; plates reduced to the size of the volmucs. 
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elicited the praise of Goethe, the great master of German composition. 
In fact, certain portions of the work, such as give the impres~ions pro-
duced upon the travelers by the sublime natural scenes of Brazil, have 
passed into collections containing model pieces of Ge~'mau prose.* The 
· large atlas, ornamented with a well-executed allegorical title-page, 
comprises maps, orographical diagrams, panoramic Yiews of mountain 
chains, landscapes, representations of typical animals and phtuts, and 
quite a. number of plates illustrating the domestic and hunting life, the 
Jeasts, dances, and ceremonies of the aboriginal inhabitants. Their 
fabrics and arms are figured on two plates. Iu addition, there are many 
faithfnlly executed, large podraits of Indians of various tribes, exhibit-
ing their peculiar features and the curious manner in which they dis-
figure their ears, lips, and chins by the insertion of ornaments. Of 
particular interest are some plates containing representation:::; of figures 
, sculptured on rocks, as affording the means of comparing the pietogra-
phy of the Brazilhtn aborigines with that of other indigenous inhabit-
ants of the American continent. 
On the whole, the narratiYe of Spix and J\fartius is one of the most 
important and comprehensive works of travel published in modern 
times, equaling in merit the researches of IInmlwldt relative to J\.Iex-
ico and other parts of America. It will remain a lasting monument of 
the zeal and perseverance of its authors, and au honorable testimo-
nial to the enlightened. prince who brought about its realization. 
Simultaneously with the account of their travels, Spix alHl Martins 
began to prepare their strictly scientific works on the botau.r and zoo-
logy of Brazil ; the former department, of course, being in charge of 
1VIartius, while Spix treated the subject of zoology. But as Spix had 
* We cannot refrain from inserting ller e, as a specimen, the description of eveniugs 
spent at the country house of .Mr. Von Langsdorff, near Rio Jrmeiro: 
''Nothing c::tn be comp::tred to the beauty of this r etre::tt when the most sultry hours 
of the day are p::tst, ::tml gentle breezes, impregwtted 'vith balsamic perfnmos from the 
neighboring wooded monnt::tins, cool the rrir. This enjoyment contiunes to increase as 
the night spreads over the land all(l the sea1 which shines :tt a distance, and tlw city, 
where the noise of business has subsided, is gnollnally lighted. He who has not per-
sonally experienced the cncllantment of tmnqnil moonlight nights in these happy 
btitudes can never be inspired, even by the most faithful description, 'Yith t.hose feel-
ings which scenes of such wondrous bettnty excite in the mind of the beholder. A 
delic[tte, transparent mist hangs over the conutry, the moon shines brightly amidst 
heavy and singnbrly grouped clon<ls; the outlines of the objects which are illuminated 
by it are eloar and well defined, while a magic twilight seems to remove from tlHl eye 
those which are in the shade. Scare~ a breath of air is stirring, a,nd the neighborinO' 
mimosas, that have folded up their leaves to sleep, stand motionless beside the dark 
crowns of the manga, the ja.ca, anfl the ethereal jambos; or sometimes a sudden vyind 
arises, and tho juiceless leaves of the acajn rustle, the richly flowered grnmijama and 
pitauga let drop a fragrant shower of snow-white ulossoms; the crowHs of the ma-
jestic palms wave :illowly over the silent roof which they oversha.lle; like a symbol of 
peace and tranquillity. Sh1~ill cries of the cicada, the grasshopper, and the trec-fro,O' 
make au incessant hum, and proclnce by their monotony, a pleasing melancholy. A 
stream, gently murmuring, descends from the mountains, aml the macuc, (Perdrix .ouya-
nensis,) with its almost human voice, seems to call for help from a distance. Every 
quarter of an hour different balsamic odors fill the air, and other flowers alternately 
nufold their leaves to the night, aucl almost overpower tho senses with their perfume; 
now it is the bowers of paullinias, or the neighboring orange grove, then the thick 
tufts of the eupatoria, or the bnuches of the flowers of the palms, suuclenly bursting, 
which disclose their blossoms, and thus maintain a constant succession of fragrance. 
While the silent vegetable world, illuminated by swarms of fire-flies, as by a thousand 
moving stars, charms the night · }Jy its uelicions eff:lnvla, brilliant lightnings pl:-w 
incessantly in the horizon and elevate the mind in joyful admiration to the stars, 
which, glowing in solemn silence in the firmament above the continent and ocean, fill 
the soul with a presentiment of still sublimer wonders. In the enjoyment of tho 
peaceful and magic influence of such nights, the newly-arrived European remembers 
with tenuer longings his native home, till the luxuriant scenery of the tropics has 
become to him a second country."-(English translation, vol. i, p. 160.) 
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died in 1826, the assistan('c of Agassiz, rcrty, and Andreas Wagner 
was required to continue the zoological labors, which resulted in the 
publication of several folios with bean tifully executed plates. \Ve men-
tion the following: 
New species of Brazilian mouke.rs and bats, by Spis:.* New spe-
cies of lizanh;, snakes, turtles, and frogs, by Spix.t :XPw Hpecies of 
birds, by Spix.t Fln,·intilc testaceans, by J . ..A. \Vaguer.§ Fislws, by 
Ag:assiz.ll Insects, b~- PertS· -91 
lu tre:.Ltiug of the Brazilian tl.ora,;,t:,x: :l\Iartins first confined himself to a 
selectioH of the plants collected by llim, which he described in two 
works, entitled Kora GcneJ'(IJ et Species Plantarmn Brasiliew;ium tt and 
leones &elcctrc Plantarwn OJ·yptvgamicarwn Brasilia'. H In tlw }H'('pm·a-
tion of the first Yolume of the first-uamed work, which describes the 
phancrogamous plants, he was assisted by his too-e:nly-deceased cc,l-
leagne .Znceariui. The object of tbe leones Selectee, &c., is iiHlicated in 
the title. 1.'o the latter work Hugo von 1\Iohl coutribnted au excellent 
treatise on the strnetnre of the stems of tree-ferns. Doth " 'orks are 
highly esteemed. Tltey eontain full and precise descriptions of single 
plants as \veil as of whole series and groups of kindred speei~s; all(J it 
is particularly worthy of notice that m:my of these mouogmphic trea-
tises ha\·e laid the foundation of a thorough kno\Yledgt' of 1.he plants 
to \Vhieh they relate. Tlle drawings of whole p1auts nud tlwir :matom-
ical details arc executed with a degree of faithfulness aud art Slll'lJH:.;s-
ing a1mo~t rmything of a similar character that hall previously appeared 
in the literature of botanv. 
As early as 18~3 JUardus began the publication of his "Xatnral His-
tory of Palms,"§§ a \\'OL'k which is com;iuered his most importaut contri-
lmtion to botany, and that by which he has most eonspicuously linked 
his name for fntnre times with that seience. At the first sigh t of tbeso 
majestie trees, which Liunmus alre:uly had de·signated as the "prinees 
of the vegetable kingdom,'' he couceh'"ed the plan of making them the 
object of his special obsen·atiou and scientitic treatment. II<.•, there-
fore, studied with attention the many species of palms he saw during 
his travels in Brazil, an<1 collected after his return from that conutry 
with the utmost diligence all the material concerning the palms of other 
parts of the world, whieh w·as require<l to render his work complPtc. 
He thns snccce(led, after the labor of many years, ju prodneing :L mouo-
grapQ_ unique in its kind, which caused Alexander vou llnmboldt to 
exclaim, "As long as palms are known and llH'ntione<l, the name of 
* Simianon et rc8JH'I'tilionum 1J1·asilien8ium Species }.'ova:. Ed. J. B. de Spix. ...1Jouachii, 
182:). Large folio, with :Jtl colored plates. 
t ~lnimalia J..Yom, s. Species .LYovre Laccrtanon, Serpcntum, Tc8fuclinwn, Rananon, quas in 
Itinere per 1Jra8iliwn a. Ul17-'~0 suscepto, collegit et dc~Sc1·ipsit J. B. de Spi.r. ~Uouad1ii, 
18~4-'3LI. Folio, with!):) colored plates. 
t Ariton 8pcl'ic8 .LYocm qua.~ in Itinere per Bmsilimn a. 1817--'20 suscepto coll"yit ct drscrip-
sit J. B. de Spix, Jlouachii, 18~4-'~5. Two volumes folio, with 115 and 118 colmcd 
plates. 
~ l'cstarca Flurialilia qum ---- collegit J. B. de Spix, clescrip.~it J . ...1. Tragncr, edcl. F. 
a PanZa de Schmnk etC. F. P. de .L1Iarlius. .Jlonachii, 1827. Folio, with 29 colored plates. 
II Sclecla Oenem et Specic8 Piscium quos---- colleyit et pingendos curarit .J. B. de 
Spix, digessit L. Aga88iz, ed . .Jlartius. .Jlonacllii, 1829. Folio, with plates. 
~Delectus Llnimaliltln ..lrticnlatonon quw ---- collegaunt Bpi.x; et .Jfarlins, clescrijJSit 
Max. Perty, eel. JJlartius. Jfonnollii, 18:.30-'34. Folio, with 40 colored plates. 
**Not being a botanist himself, mul couseCJnently nnacqnainteu \\'ith most of the 
works mentioned hereafter, the writer keeps closely to the statements given by Pro-
fessor MeiR:-;ncr iu his JJenkscllrift. . 
tt .Monachii, 182:~-':{0. Three Yo1nmes folio, with 300 colored plates. 
H Monachii, 1826-':H. Small folio, with 7G colored plates. 
~~) IIistoria ~\~atumlis Palmanun. .Jfonachii, 1823-'50. Three volumes imperial folio, 
with 245 plates, partly colored. 
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~~I~ntin~ will not be forgotten!" Certain specialties embraced in thi~ 
large work '''ere treated by skillful eo-laborers : the anatomy, by II. Yoll 
l\Johl ; the fossil palms, by Unger; and a part of the morphology by 
.. A..lex:an<ler Brann and 0. Sendtuer. 
\\~hile the preceding works were commenced and in progress, :Martins 
entered upon another literary undertakiug of still larger extent, lmrnelj-, 
the syHtl'matie enumeration and deHc~ription of the whole .tlora of Brazil. 
Bnt as a labor ot' such magnitude could not be carried out without the 
assistanee of persons in high stations, tlw patronage of King Lml wig I, 
of Bavaria, au<l of the Emperor of Austria, Ferdinand I, was t-:nccess-
fnlly solic1ted, and the work commenced nuder their auspiees.* The 
• Emperor Dom Pedro II, of Brazil, afterward united his aid to tllat of the 
two German sovereigns. At the ont8et l\Iartins had secured the co-
operation of competent botauist8, eaeh of whom was to take eharge of a 
eertain portion of the work; and their united efforts re8ulted in the 
publication of the FloraBrasiliensii'i,t one of the greatest literary achicYe-
mcuts of our time. The work was commenced in 18±0, and thongh yet 
far from completion, already consi8t~ of forty-seven parts, witll more 
than eleren hundred plates in folio . ~otwithstanding the ample mate-
rial which ~Iartins had at his comBunHl, the re8earche8 necessary to 
arri,Te at fnH aud satisfactory results extended oYer mauy botanical col-
lt'ctions of Bm·ope, and everything in the shape of nmnn~eripts and 
drawings bearing on the subject was critically e~-amiuea and used wlwu 
fonnd a \'ail able. The inuneusc work connected with the editing of the 
PLora preven te<ll\Iartius from participatiug eouspieuonsly in the botan-
ical labors themseh-es; yet he has fnL'llishecl two entire monographs 
( .. \..uonacem and .Agave·-e) and many highly valuable additiolls relating 
to tile geograpl.lical distribution and the use of the plants described. 
In view of the important bearing of this publication upon the develop-
ment of the vegt>table resource8 of Brazil, the ambas8ador from tllat 
conntry to the eourt of Vienna lately spent some time at l\Iunich, iu 
order to confer with Professor Von .1\Iartius concerning tile eompletion 
of the 'inn·k. Tl.le Brazilian goYernment agreed to pay 100,000 ilorius 
for tlmt purpose; but as ~.\Iarti 1s was already far advanee<l iu years, he 
thongllt it expedient to appoint. in tbe person of Dr. Eichler, a snccessor 
to superintend the publication iu case of his decease. 'rhus the wm'k 
will suffer uo intennption.t 
------------·-------------------------------------------
* It mnst not he left nnnoticctl that the patronage of the Emperor of Amn:ria in this 
cnse \Vas owing to the inthH·nco of l'rinc~ .Jietternich. This mnch-ahnsetl :-;tatPsmau, 
it is well knowu, took a lively interest in the promotion of S('ienc(•. His letter" to A. 
Yon Hnmholdt, contained in the corres_pomlcuee between Htuulwhl t a :Hl Varuhagen 
,·on Ense, bear w1tness to the fact. 
t Flom B1·asiliensis, s. Enumeratio Plantarum in Brasilia lwctenus deteetw·1ull quas---
erlideJ'Illlt C. F. Pit. de Jiw·tius et St. L. E/l(lfichcr. r'indob. et Lip8., l t340-\ i0, j(t8c . 1-47, 
folio . Th(• first nine parts "·ere ctliteu by :Martins and Eudlicher; the rest, after 
Entlli('her's tlPath, by :Martins alone. 
t Of :Jlartins' nnmerous less exteusiYe publications relating to botany we will men-
tion only the f(>llowing: 
llabal'illln Plor(C Bmsilien8is. Monachii, 1831-"40.:--Sy8tenw 1Iatericc J.1Jedicw Vegetabilis 
Brasilicusi8. (8c : Leipzig, l t3-J:J.) ThiH is a systematically arranged enumeration of the 
plants m;c(l for medicinal pnrpm;~s by tlw iulmbitants of Brazil. The preparation, 
manner of application, a1Hl dfc·cts arc carefully described.. This work haH been traus-
la1 ed into tiH' Portngnt•sc language by II. Velloso d'Oliv('ira. Hio de .Janeiro, ltl54. 
Spccimm Jla/criw Medicm 1Jrai:iilicnNi8 (in vol. ix, of tiH' ~Iemoirs of the Ac~ulemy of 
SciPnces.) A lllllllher of articles likcwi"l' rebting to the lllt'llicinal plants of Brazil au<l 
tlwir nscl-l were pnbliHhecl in Bnchner's Rcpcrloriwn der Plwnuacie. 
' Yorth;r of especial mention is <L pnhlicatic~n on the potato-rot: Die Iiarto.(fcl-Epiclcmie 
cler :.etztcn ,Jallre (Mnuicb, 11:3-13. 4°. With plates.) Ma,rtins was the first who uotieed 
in the cliseasP!l fruit :t microscopic fnngns, caJletl by him PuBi8porium solani. lie 
ac:counted for the sprca1liug of the rot by the transmission of the spores of that fungus 
to souud potatoes. 
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Having given some account of Martins' more important botanieal 
labors, we will briefly allude to his great merits as an ethnologist. 
During his travels in South America he became deeply interested in the 
aboriginal tribes, and collected, in conjunction with his traveling com-
panion, many valuable facts relating to their mode of life, relationship, 
languages, migrations, &c. It has already been stated t.hat a consider-
able portion of the "Travels in Brazil," by Spix and l\fartius, is devoted 
to the ethnology of that country. Martins, however, published ~mbse­
quently several valuable treatises relating to ethnological subjects, 
which will be mentioned hereafter; but his most important ethnologi-
cal work, entitled Beitriige Z?Pr Ethnographic ~tnd Sprachenlmnde Amerikas, 
zumal Brasiliens, (Leipzig, 1867,)* which was published shortly before 
his death, and therefore contains his matured views, deserves particu-
lar notice. The Beitriige comprise two octavo volumes, the first of 802, 
the second of 548 pages. An ethnographic map is added to the first 
volume. Its contents are: 
1. Die Vergangenheit und Zukunft der amerikanisclien Menschheit,t a 
lecture delivered in 1838, at a meeting of German naturalists and phy-
sicians, and first published in 1839. 
2. A republication of the admirable treatise Von dem Rechtszustande 
~tnter den Ureinwohnern Brasiliens,+ first published in 1832. This is cer-
tainly one of the most interesting essays ever written on American 
ethnology, although Martins' view of a degeneration of the Brazilian 
Indians from a higher state of civilization may be contrary to the 
opinions of many anthropologists. 
3. The remainder of the volume (PJj). 145-801) is taken up with a 
description of the native tribes who inhabit Brazil and the adjacent 
regiom;. It is minute, accurate, and vivid, much more full than Waitz, 
and enriched by numerous personal observations. :1\Iartius is a believer 
in the gradual extension of the Tupi language and blood from the bead-
waters of the La Plata northward, quite to the Antilles and Baha-
mas.§ 
The second volume, entirely devoted to South American languages, 
contains over a hundred vocabularies, which are arranged in .allied. 
groups exhibiting the affinity of tongues. Being of the utmost import-
ance in tracing the relationship of nati~s, they furnish highly valuable 
material to the student of American ethnology. Many of these vocab-
ularies are from manuscript sources. In rendering the aboriginal words 
the Latin, Portuguese, German, and French languages have been 
employed. The articles Pjlanzennamen in der Tupi-Sprache II and Thier-
namen in der T~tpi-Sprache,~ first printed, respectiYely, in 1858. and 1860, 
are republished with additions in this volume. 
Besirles the above-mentioned ethnological essays reprinted in the 
Beitriige, Marti us, as stated, has left some other contributions. of kindred 
character, which appeared in periodical publications. We give here the 
following titles translated into English : On the sculptures on Mount 
Gabia," near Rio Janeiro.** On Buschmann's work-" The traces of the 
" Contributions to the ethnography and philology of America, especially of Brazil~ 
t The past and future of t.he American race. 
:j: On the civil and social eondition of the aborigines of Brazil. 
~ In a letter which Martins addressed, short.ly before his death, to Dr. D. G. Brinton, 
of Philadelphia, he expresses himself on this point even more decidedly than in the 
Beitriige. 
II Names of plants in the Tupi language. 
~f Names of anb:w.ls in the Tupi language. 
"" fleber die Scttlplurcn auf den~ Berge Gabia bei Rio de Janeire. ( Geleltrte AuzeiglMz, 1843, 
Ko~. !18, ~V.) 
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Aztee la11gnage in N ortllern 2\fexieo." * The physieal eondition, dis-
c<tses, physieians, and remedies of th~ aborigines of Brazil.t On the 
preparation of the arrow-poison Urari among the Juri Indians on the 
Rio Ynpura, in North Brazil.t The ereation of the Negro: a Brazilian 
legend.§ 
The time intervening between Professor Von l\fartius' retirement from 
offieial duties in 185! and his death was to him no period of repose; 11 
on the eontrary, having· now more leisure at his command, he devoted 
himself exclusively to scientific labors. Much of his time was taken up 
in editing the Flora, Brasiliensis, and his position as secretary of the 
Royal Bavarian Academy demanded his eoustant eare and attention. 
Only one year before hiR death, at the age of seventy-four, he published 
the Beitriige, his most important contribution to Ameriean ethnology. 
He was one of. those few whose merits are duly acknowledged and 
aplH'eciated during their life-tirnP. He maintained intimate relations 
with many of the most distinguished men of our time, and most learned 
r societies of note eounted him among their members. N umcrous works 
are dedieated to him; his name is perpetuated in the seielltifie denomi-
nations of plants and animals; even a mountain in New Zealand, Mount 
lVIartius, is called after him. Medals were struck in his honor, and 
crowned heads manifested their esteem by decorating him with th~ 
insignia of their orders. 
l\'Iartius enjoyed the full possession of his mental faeulties to the last 
moment of his life, and even his physical a,ppearance betokened no con-
siderable degree of decline; it was only during the years imm~diately 
preceding his death that bis altered features and somewhat stooping 
figure indicated the changes which advauced age will produce upon the 
strong,est constitution. But the lhTely expression of bis eye, his ani-
mated conversation, and the interest be took in everytbing that· pa.ssed 
around him, gave evidence of his unimpaired mental \igor. In the fall of 
1868, being then in his seventy-fifth year, he made a journey to Berlin 
and Dresden to visit his son and his old friends. He returned in good 
health, and notlJing intimated his approaclling end. But shortly after~ 
ward, having been exposed to a severe storm, he was attacked by a febrile 
indisposition, whieh, inereasing, developed itself into inflammation of 
the lungs. His strength sank ra.pidlJ7 , and on the 13th of December, 
1868, after an illness of nine days, his earthly career was closed by au 
easy death. Fresh palm leaves deeorated, significantly, the eoffiri in 
which his mortal remains were conveyed to their last plaee of rest. 
* Ueber Bnschrnann's Werle : Di,c S_:.Juren der Aztekischcn Sprachc ·im nii1·dlichen Mcxiko. 
(Gel. An., 1860, Nos. 41-4:l.) 
t Dcts Natnrell, d·ie Krankheiten, clas Arztthum wul die Heiln~ittel de1· U1·bewohner Bra-
siliens. (Bl1chner's Repertorium clcr Phemnacie, vol. 33, p. 289, &c.) 
:j: Uebm· clie Bereitung cles Pjcilrliftes Urw'i bei den Inclianern Jul'is arn Rio Yupt~rd i>-1 Nord-
brasilien. (Buchner's Rep. cl. Phann., vol. 36, 1830, p. 3:37, &c.) 
§ Die Erschaffung cle8 .1.Veger8, eine Brasilianische Volks-Sage. ( Augsbw·ge1· .J..llgem. Zeit., 
18:39.) 
II "Der Ruhestancl w6tr fiir ihn kein Stancl cler Rnhe."-Meissner's Denkschrift, p. 24. 
NOTICE OF THE LIFE AND SCIENTIFIC LABORS OF STEFANO 
MARIANINI. 
BY CARLO MATTEUCCI, 
P1·esident of the" Italian Society of Sciences, founded by Anton MaTio Lorgna." 
[Translated for the Smithsonian Institution.] 
It is not such a eulogy as is usually pronounced for the members 
whom the Italian Society of the XL may have lost that I at present 
undertake. This several reasons forbid, not the least of which is my 
own unskillfulness in the polished style of composition which such labors 
demand, joined to a conviction that the highest eulog_y of those who 
have consecrated their lives 'to science consists in the record of the 
progress which it owes to their exertions, and the part reservecl for them 
in its history. I shall speak, therefore, with the utmost breYity of tlte 
simple habits, the pure and unassuming spirit, the integrity of character, 
and the great scientific activity of Marianini, although these qualities 
constitute in themselves the best eulogy of the man, and shall dwell at 
somewhat, greater length on his principal labors in physics. 
l\iarianini was born at Mortar<:t, a small town of Piedmont. He was 
professor of physics at Venice, and more recently in the University of 
Modena; he was a corresponding member of the Institute of France, 
and .president of the Italian Society of the XL for many yea.rs. 
The first work by which he attracted the attention of the learned was 
an Essay on electro-metr,ical experiments,* a work which I rem~mber to 
have heard spoken ot; at the time, in terms of the highest praise by 
Arago. It appeared at Venice in 1825. On account of the original .ex-
periments with which it is replete we need not hesitate to pronounce it 
t,he most important production of the author. When it is considered 
that in various chapters of this essay all parts of electro-dynamics and 
of the pile are treated by methods and with instruments which were 
then barely beginning to be known, we need not be surprised. if the re-
sults at which Marianini arrived at that time have not remained iu 
science as he himself obtained them forty years ago. If we except the 
discoveries of elementary laws and of physico-mathematical theories, 
this is the lot which befalls, after a certain number of years, even those 
who have opened new field.s in physics. 
Marianini, in this essay, began by studying the relation between the 
intensity of the current of a b:1ttery and the extension of the elements 
~nd tension of the e]ectro-motors; that is to say, the number and nature 
of the pairs which compose the pile. lie then proceeded to experiment 
on t:t"te relative electro motive power of conductors of the first elass, and 
studied. the phenomenon of the secondary current, respecting which he 
has left us some valuable experiments. In the third chapter of the essay 
are comprised many original researches on the conductive capacity of 
liquids for electricity. It ·is beyond doubt that this treatise marks a 
great progress in our knowledge on the most obscure and difficult points 
* S.aggio di csperienze elettro-metricha. 
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of dyuamic electricity; and the discovery then made by lVIarianini, which 
may in some measure be considered as the experimental basis of the 
theory of Ohm, is still a fundamental one, namely, that tlle action of 
simple electro-motive machines on magnets, to use his own words, is di-
rectly proportional to their surface, and that in a circuit having a resist-
anc@ quasi null in comparison with that of the battery, the current of 
a pile of a single pair has the same intensity with that of any number 
of pairs whatever. 
In the same chapter the author studies the phenomenon of metallic 
diaphragms interposed in a liquid stratum to the passage of the current. 
The catalogue which is given in the essay of conductors of the first class, 
according to the decreasing order of their relative electro-motive power, 
is established with much exactness, and may even now be said closely 
to approximate the trut8. 
In speaking of the conductibility of liquids, a subject in regard to 
which the physicists of our own day well know the difficulty of arriving 
at exact measurements, l\farianini ·proves for the first time, what has 
never since been contradicted, that the conductibility of liquid:; increases 
with the temperature; that this augmentation is less in liquids endowed 
with a great conductibility, aud that a heated liquid preserves for a certain 
time in growing cold a greater conductibility than it first had at a given 
temperature. Here he finds by experiment that the resistance of a 
liquid stratum increases with the thickness of the stratum, and shows 
by many researches the augmentation of the effects of a battery by 
iucreasing the size of the plate of copper which incloses the zinc. There 
a,re also contained in the chapter on the conductibility of liquids some 
experiments, among which I will cite,. as worthy of being varied and 
extended, that of the conductibility communicated by certain salts and 
organic compounds to a liquid such as alcohol, which is itself scarcely 
a conductor. 
In 1826 Marianini read before the Atheneum of Venice a memoir on 
Hitter's battery,. and on secondary polarity, in which by many well-
devised experiments he more conclusively proved, what l1ad been as-
serted by Volta,. that the polarities of secondary batteries depended on 
the alterations which the current of the pile produces in the surface of 
the metallic disks of Ritter's column. In fact, after these disks have 
lw.,en washed and wiped dry. thG column remains as active as before. 
More recently l\iarianini undertook the study of electro-physiological 
phenomena, and in the memoir presented to the Academy of Royeredo 
in 1827, and which was translated in the A_nnales de physique et de 
chin~ie, t. XL, p. 225, the experiments are described on which is founded 
the law, still known in Germany as the law of JJlarianini, that the elec-
tric current in traversing the nerves in the direction of their ramifica-
tion, or the direct current, as Nobili called it, excites a contraction when 
it enters and a sensation when it ceases to pass; and that, on the con-
trary, when the current is inverse or traverses the nerves in the direction 
contrary to their ramification, a contraction is produced at the instant 
at which it ceases to pass, aud a sensation at that when it begins to 
traYerse the nerves. In this memoir, l\farianini distinguishes the-con-
tractions produced by electricity into idiopathic contractions, which are 
excited whatever be the direetion in which the current traverses the 
muscles, and sympathetic contractions depending on the direction in 
\Vhich the current traverses the motor nerves. In a second memoir, in 
which he treats specially of the voltaic alternations, he shows that these 
· di3pend on the diminution of excitability of the nerves, produced by the 
passage of the current in a certain direction. Among these experiments, 
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we must not fail to recall that by -n·hich l\fal'iauiHi obtains the shock at 
the opening of the circuit, although in the act of closing the circuit by 
means of the finger or other unmoistened body, this shock be not ob-
tained. He subsequently occupied himself with the .. applicatiou of his 
studies on electro-physiology to the cure of certain cases of paralysis, 
and is, perhaps, the only physicist who bas studied this subject with 
suitable attention, and obtained by electricity the restoration in some 
cases of those afflicted with this disorder. 
Among the numerous memoirs of Marianini, we must also cite as 
worthy of rememb.rance and full of ingenious experiments, those with 
which he sought to sustain the theory of the electro-motive force of 
Volta and to combat the chemical tlJeory of the pile. Although it be 
scarcely necessary to say that at present the latter theory is with reason 
generally em braced, there are, neYerthelesf'; some experiments of Maria-
nini which show that there are certain cases in which distinct signs 
present themselves of the electr0·motive force as understood by Volta, 
witlJout the appearance of any phenomena of chemical action to which 
those signs might be attribnted. 
It remains, :finall~~ , to cite a long· series of memoirs in which our col-
league studied the magnetiziug force of the electric discharge of the 
I.eyden jar, as well as the imluctive discharges. For the prosecution 
of these experiments, Marianini commenced by inventing a ?·e.electm-
meter, as he called it., which en:-n now migl1t be of senTicc in many 
researches, and which consists of an irou wh·e snnoundP.d by one of 
('Opper winding spirally about it, and placed above a compass in a direc-
tion perpendicular to tlJe maguetizrd needle. A discharge from the jar, 
however weak, 1:10w passes by the spiral and magnetizes the iron wire, 
and the needle of the compass is deflected; the direction of the deviation 
indicating the direction of the discharge. In this memoir a great numbe1· 
of experiments are described, by 'vhich it is proved that, after the mag-
netization generated by an instantaneous discharge, if the magnetization 
be annulled either by mechanical means or by contrary discharges, the 
iron acquires a susceptibility of being magnetize<l in the first direction, 
and loses the susceptibility of being magnetized in the opposite direc-
tion. The author has studied with much sagad.ty all the other condi-
tions of this phenomenon, namely, the thickness of the iron wires, 
the capacity of the Leyden jar from which the discharge is obtained, 
and compares the effects of a bundle of fine iron wires with those of a 
large and full cylindrical wire. 
In continuation of these studies, l\1al'ianini proceeded to experiment 
on the effects produced by metallic euvelopes in di1ninishing the mag-
netizing action of electric currents on the iron placed in the interior of 
those envelopes, and demonstrated that the effects depend on the action 
of the inductive discharge developed in the envelopes. He proceeded 
afterwards to the study of inductive ~liscbarges ; discovered the induc-
tions of the second and third order, whicl1 had heeu found at the same 
time by llenry, in America, and saw that the Leyden-electric induction 
was exerted also between liquid conductors. 
These notices, by which we have certainly had no thought of render-
ing justice to the various labors of l\Iarianiui, will serve at least to show 
how assiduous and producth-e was the scientific life of our lamented 
colleague, and how admirable an example that life, prolonged as it for-
tunately was, offers, in its unobtrusive all(l tranquil course, to the youth 
Jf Italy-how imperishable an honor it will always reflect upon our 
Jountry. 
FLORE~CE, Apl·ill, 18G7. 
ON THE CHEMISTRY OF THE EARTH. 
BY T. STERRY HUNT, LL.D., F. R. s. 
In the following pages I have endeavored, at the request of Professor 
Henry, to give a brief summary of certain views in chemical geology 
which have been put forward by me in various scientific journals dur-
ing the past twelve years, the germ of them having appeared in a com-
munication to the American Journal of Science in January, 1858. In 
addition to the foot-notes, I have appended a list of my principal pub-
lications on the subject, where those who desire to fol1ow up the various 
questions here suggested will find them treated more at length. The 
last three of these papers are in part reprinted in the present abstract. 
I take this occasion to say that the views here embodied will be devel-
oped in a work on the chemistry of the globe, the preparation of which 
is now well advanced. 
T. STERRY HUNT. 
lVI ONTREAL, January 6, 1870. 
List of the principal papers, by Mr. T. Sterry Hunt, relat,ing to Chemical Geology. 
On the Chemistry of the Primeval Earth. American Journal of Science, Jan nary, 
1858. 
On the part which the Silicates of the Alkalies may play in the Metamorphism of 
Rocks. Proc. Royal Society of London, May 7, 1857, and American Journal of Science, 
March, 1858. 
On the origin of Felclspar3, and on some points of Chemical Lithology. American 
J onrnal of Science, May, 1858. 
On the Theory of Igneous Rocks and Volcanoes. Canadian Journal of Toronto, 
March, 1858. 
On some points in Chemical Geology. Quarterly Journal of the Geological Society, 
November, 1859. 
Review of the last-named paper. American.Journal of Scienc~, July, 1860. 
On Gypsums and Magnesian Rocks. American Journal of Science, September, No-
vember, 1859. 
On the History of Lime and Magnesia Salts. American Journal of Science, July, 
1866. 
Contributions to Litholog,v. American Journal of Science, March, May, July, 1864. 
Chemistry of Natural Waters. American Journal of Science, March, July, Septem-
b er, 1865. 
Chemistry and Mineralogy of Metamorphic Rocks. Dublin Quarterly Journal, 
July, 1863. 
Origin of some Magnesian and Aluminous Rocks. American Journal of Science, 
September, 1861. 
La Chimie de la Terra. Comptes-Rendus de l'Academie, June 9, 1862. 
The Earth's Climate in Paleozoic Times. American Journal of Science, 1863. 
On some points in American Geology. American Journal of Science, May, 1861. 
On the Chemical Geology of Mr. David Forbes. Geological Magazine, February, 
1868. 
On the Chemical Geology of Mr. David Forbes. Chemical News, February, 1868. 
The Chemistry of the Primeval Earth. Lecture before th(\ Royal Institution, May, 
1867. 
Volcanoes and Earthquakes. ,Lecture before the American Geographical Society, 
April, 1869. 
Ou the Probable Seat of Volcanic Action. Geological Magazine, June, 1869. 
CIIEMISTRY OJl 'l'HE EARTH. lt>3 . 
CON,TE'NTS OF SECTIONS. 
1-3, classification of the sciences; 4, objects of chemical geology; 5, nebular hypo-
thesis; 6, dissociation; 7, 8, the sun; 9, the cooling earth; 10-1:3, its solidification; 
14, relations of solution to pressure; 15, on the earth's crust; 16, 17, probable composi-
tion and rela1Jion of earth's crust and atmosphere; 18, fixation of carbonic acid, its 
effect on climate; 19, chemical influence of vegetation as a reducing agent; origin of 
carbon and sulphurets; 20, origin of limestones, dolomites, and gypsums; 21, silicated 
·waters; 22, relations of potash and soda; 23-26, disintegration of silicated rocks; 27, 
their division into two groups; 28, chemically-formed a1nminons and non-aluminous 
silicated ·rocks; 29, changes in composition of sediments; 30, 31, metamorphism of 
rocks; 32, chemical alteration; 33, molecular alteration; 34, porosity of sediments, 
their condensation; 35, ultimate result of chemical metamorphism; 36, theory of vol-
canic action; 37, views of Keferstein and Herschel; 38, the primitive crust; 39, interual 
heat ; 40, 41, influence of pressure; 42, 43, types of igneous rocks ; 44, origin of granites ; 
45, indigenous and exotic rocks ; endogenous rocks or vein-stones ; 4'6, Filling of mineral 
veins; 47, source of metals, and theory of metalliferous deposits; 48, earthquakes; 49, 
volcanoes; 50, 51, their distribution; 52, causes of subsidence and accumulation of sedi-
ments; theory of mountains; 53, origin of lavas ; 54, relations of sedimentary deposi-
tion to volcanic phenomena; ancient volcanoes ; 55, modern volcanoeH. 
§ 1. In approaching the study of the chemistry of the earth, or what 
may be designated chemical geology, it becomes necessary to define the 
natural objects of that complex study to which is given the general 
name of geology, and also to consider its connection with the various 
sciences. To this end, some notions as to the order and the relation of 
these sciences may not be out of place. Following the classification 
established by Oomte, we distinguish between the abstract sciences, which 
deal with laws, and the concrete science~, which have to do with things. 
In their order the abstract sciences form an ascending series, according 
to the degree of complexity of their phenomena, " so that each science 
depends on the truths of all those which precede it, with the addition of 
peculiar truths of its own."-(J. S. l\1ill.) At the base of this series are 
thus placed-1st, llfathematics, with its successive divisions of number, 
geometry and mechanics; 2d, Abstract Astronomy, which considers, in 
addition to these, gravitation, taking cognizance of number, extension, 
equilibrium, and motion; 3d, Physic~, comprehending the laws of weight, 
cohesion, sound, light, electricity, and magnetism ; 4th, Chemistry, which 
treats of the relations to one another of the different forms of mineral 
matter, and their transformations under the physical agencies of light, 
heat, and electricity; 5th, Bio1ogy, or Physiology, to which belongs the 
study of the laws .of organiEed growth and development; Gtb, Psychology, 
which considers the laws of mental phenomena; and, ·7th, Sociology, or 
the laws of human society. 
§ 2. Parallel with these abstract sciences is a series of concrete or his-
torical sciences, dealing not with laws and general principles, but with 
objects and facts. Of these concrete sciences th~ first is Descriptive 
Astronomy, which is the natural history of the planetary and stellar 
worlds, treating of their movements, dimensions, and cosmical relations. 
Coming, in the next place, to the history of our own planet, the study of the 
accidents of its surface and its interior gives rise to Physical Geography 
and to Structural and Dynamical Geognosy; while the bodies wl:lich it 
presents to us are naturally divided into two great classes, the inorganic 
or mineral kingdom, and the organic, including the vegetable and ani-
mal kingdom. The study of these two classes gives rise to two great 
branches of natural history, Jlfineralogy and Organography, the latter 
including Botany and Zoology. The concrete science of mineralogy has 
for its subject the ootural history of all the forms of unorganized mat-
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ter; that is to say, those substances which are exempt from biological 
laws, but come within the domain of physics and chrmistry. Chemical 
change implies disorganization, and al'l so-called cllemical species are 
inorganic, that is to say, unorganized, and belong to the mineral king-
dom, whose natural history is tuns physical and chemical, while that of 
the \'egetable and animal kingdoms is biological.* 
§ 3. It might, at first sight, seem foreign to onr present su~ject to 
speak in this connection of the moral, social, and political history of 
mankind, dependent upon the laws of psychology and sociology._ It is, 
however, to be remarked, that while in the abstraet order eacb science 
is independent of th~t which follows it in the series, it is far different iu 
the concrete sciences. This is seen in the familiar example of the de-
pendence upon each other of the animal, vegetable, and mineral king-
dmns, audit is evident that man puts in movement agencies wl!kh arc 
constantly at work modifying alike pbysical geography and the rela-
tions of the mineral, vegetable, and animal world to such an extent that 
human history must not be disregarded in the study of the lower reigns 
of nature. 
§ 4. From what has gone before it will be evident tlmt under the com-
mon term of geology are generally confounded two distinct branches of 
study; tbe first or abstract division being that of the physiGal, chemical, 
and biological laws which have vresided over the dm-elopment of the 
globe, and the second or concrete division, the natural history of the 
earth as displayed in its physical structure, stratigraphy, mineralogy, 
paleoutology. The name of geognosy, employed by some authors, may 
very appropriately be retained for the latter, while that of geology is 
restricted to the former division. It is proposed in the following pages 
to consider briefly some of the more important points in the chemical 
history of the globe; in doing which it win be necessary to notice al~o 
its astronomical and physical history, and the relations of organic life, in 
so far as they are concerned in the chemical history of the earth in its 
various stages of development. The scheme thus embraced is so grea~ 
that in the limits of the present essay nothing· more can be attempted 
than a sketch which shall embrace some of the most striking facts in 
the history of the forming globe considered as a condensing nebulous 
mass, in tbe chemistry of the air, sea, and earth in past ages, and in the 
relations of the central heat to the superficial portions of the earth, by 
which we shall endeavor to explain certain facts in dynamical geology, 
such as the great movements of the earth's crust and the phenomena of 
earthquakes and \rolcauoes. 
§ 5. The nebular hypothesis, as it is called, whieh s·upposes that our 
solar system and all the worlds of sp::tce have come from the comlensa-
tion of diffused vapors, has receiYed strong coufirmation from the dis-
coveries made by the spectroscope. \Ve now know that there exist in 
the heavens nebulm consisting of luminous gas; that is to s~ty, vaporous 
m~ttter shiuing by its own light, which we may, w'ith great probability, 
regard as tl1e primal matter out of ·which, as the elder Herschel sug-
gested, suns and planets have been formed by a proce~s of condensation. 
By the aid of the telescope and the spectroscope we find in the heavens, 
planetr.bodies like our earth, sbining only by reflected light; suns,-
self-luminous, radiating light from solid mattet ; and, moreover, true 
nebul::.e, or masses of luminous vapor. These three forms represent 
three distinct phases in the condensation of the primeval matter, from 
which our own and other planetary systems have been formed. 
* T. S. Hnnt, on the Objects and )1ethod of Mineralogy. American Journal of Sci· 
ence, [2,] xliii ; 203. 
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This nebulous matter is conceived to be so intensely heated as to be in 
the state of true gas or vapor, and, for this reason, feebly luminous 
when compared with the sun. It would here be out of place to discuss 
the detailed results of spectroscopic investigation, or the beautiful and 
ingenious methods by which modern science has shown the existence in 
the sun, and in many other luminous bodies in space, of the same chem-
ical elements that are met with in our earth. 
§ G. Calculations based on the amo.unt of light and heat radiated from 
the sun show that the temperature which reigns at its surface is so great 
that we can hardly form an adequate idea of it. Of the chemical rela-
tions of such intensely heated matter modern chemistry has made known 
to us some curious facts, which help to throw light on the constitution 
and luminosity of the sun. Heat, under ordinary conditions, is favor-
able to chemical combination, but a higher temperature reverses all 
affinities. Thus, the so-called noble metals, gold, silver, mercury, &c., 
unite with oxygen and other elements; but these compounds are decom-
posed by heat, and the pure metals are regenerated. A similar reaction 
was many years since shown by Mr. Grove with regard to water, whose 
elements-oxygen and hydrogen-when mingled and kindled by flame, 
or by the electric spark, unite to form water, which, however, at a much 
higher temperature, is again resolved into its component gases. Hence, 
if we had these two gases existing in admixture at a very high tempera-
ture, cold would actua1ly effect their combination precisely as heat would 
do if the mixed gases were at the ordinary tempera.ture, and literally it 
would be found that" frost performs the effect of fire." The recent re-
searches of Henry Sainte-Claire Deville and others go far to show that this 
breaking-up of compounds, or dissociation of elements by intense heat 
is a principle of universal application ; so that we may suppose that all 
the elements which make up the sun or our planet would, when so in-
teHsely heated as to be in that gas6ous condition which all matter is 
capable of assuming, remain uncombined, that is to say, would exist 
together in the condition of what we call chemical elements, whose fur-
tiler dissociation in stellar or nebulous masses may even give us evi-
dence of matter still more elemental than that revealed by the experi-
ments of the laboratory, where we can only conjecture the compound 
nature of many of the so-called elementary substances. 
§ 7. The sun, then, is to be conceived of as an immense mass of intensely 
heated gaseous and dissociated matter, so condensed, however, that not-
withstanding its excessive temperature, it has-a specific gravity not much 
below that of water; probably offering a condition analogous to that 
which Oagniard de la Tour observed for volatile bodies when submitted 
to great pressure at temperatures much above their boiling point. The 
radiation of heat going on from the surface of such an intensel,y heated 
mass of uncombined gases will produce a superficial cooling, which will 
permit the combination of certain elements, and the production of solid 
or liquid particles; these, suspended in the still dissociated vapors, 
become intensely luminous, and form the solar photosphere. The con-
densed particles, carried down into the intensely heated mass, again 
meet with a heat of dissociation, so that the process of combination at 
the surface is incessantly renewed, while the heat of the stm may be 
snpposeu to be maintained by the slow condensation of its mass; a dim--
inution by 1 -cf00th of its present diameter being sufficient, according to 
Ilelmlloltz, to maintain the present supply of heat for twenty-one thou-
sand years. 
§ 8. This hypothesis of the nature of the sun and of the luminous 
process going on. -at its surface is the one lately put forward by li'aye, 
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and, although it has met with opposition, appears to be that which ac-
cords best with our present knowledge of the chemical and physical con-
ditions of matter, such as we must suppose it to exist in the condensing 
gaseous mass which, according to the nebular hypothesis, should form 
the center of oursolar system. Taking this, as we have already done, 
for granted, it matters little whether we imagine the different planets 
to have been successively detached as rings during the rotation of the 
primal mass, as is generally conceiyed, or whether we admit with Cha-
cornac a process of aggregation or concretion operating within the 
primal nebular mass, resulting in the production of sun and planets. 
In either case we come to the conclusion that our earth must at one time 
have been in an intensely heated gaseous condition such as the sun 
now presents, self-luminous, and with a process of condensation going 
on at first at the surface only, until by cooling it must have reached the 
point where the gaseous center was exchanged for one of combined and 
liquefied matter. 
§ 9. Here commences the chemistry of the earth, to the discussion of 
which the foregoing considerations have been only preliminary. So 
long as the gaseous condition of the earth lasted, we may suppose the 
whole mass to have been homogeneou~; but when the temperature be-
came so reduced that the existence of chemical compounds at the center 
became possible, those which were most stable at the elevated tempera-
ture then prevailing, would be first formed. Thus, for example, while 
compounds of oxygen with mercury, or even with hydrogen, could not 
exis~, oxides of silicon, aluminium, calcium, magnesium, and iron might 
be formed and condensed in a liquid form at the center of the globe. 
By progressive cooling, still other elements would be removed from the 
gaseous mass, which would form the atmosphere of the non-gaseous 
nucleus. We may suppose an arrangement of the condensed matters 
at the center according to their respective specific gravities, and thus 
the fact that the density of the earth as a whole is about twice the mean 
density of the matters which form its solid surface may be explained. 
Metallic or metalloidal compounds of elements, grouped differently from 
any compounds known to us, and far more dense, may exist in the cen-
ter of the earth. The condensing effect of pressure as we approach the 
center of the globe has, however, been regarded by some as far more 
than sufficient to account for the considerable mean density of the planet, 
and, according to Dr. Young, would be sufficient to reduce a mass of 
granite, transported to the earth's center, to one-eighth of the bulk 
which it occupied at the surface, which would give to the earth a mean 
density equal to twelve or thirteen times that of water. This considera-
tion has led a recent writer to conclude, with Herbert Spencer, that our 
earth and the other planets may be only shells of varying thickness, 
inclosing a central cavity filled with vaporous matter, by which hypoth-
esis may be explained their apparently feeble density. It is, however, 
a matter of indifference, so far as our argument is concerned, whether 
the process of condensation commenced around such a central cavity, 
or at the center of the globe itself. 
§ 10. The processes of combination and cooling having gone on until · 
those elements which are not volatile in the heat of our ordinary fur-
naces were condensed into a liquid form, we may here inquire what 
would be the result, upon the mass, of a further reduction of tempera-
ture. It is generally assumed that in the cooling of a liquid globe of 
mineral matter, congelation would commence at the surface, as in the 
case of water; but water offers an exception to most other liquids, in-
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asmuch as it is denser in the liquid than in the solid form. H-:nce, ice 
floats on water, and freezing water becomes covered with a layer of 
ice, which protects the liquid below. Some metals and alloys resemble 
water in this respect. With regard to most other substances, and 
notably the various minerals and earthy compounds like those which 
may be supposed to have made up the mass of the molten globe, the 
case is entirely different. The numerous and detailecl experiments of 
Charles Deville, and those of Delesse, besides the earlier ones of lli-
sclwf, unite in showing that the density of fused rocks is much less than 
that of the crystalline products resulting from their slow cooling, the~- e 
being, according to Deville, from one-se,reuth to one-sixteeuth heavier 
than the fused mass, so that if formed at its surface they would, in 
obedience to the laws of gravity, tend to sink as soon a~ formed. 
§ 11. The stony materials of the earth's crust then, unlike ice and cer-
tain metals, expand in melting and contract in passing into the soliu 
state. The meltiug of ice is a process of coudemmtion, and hence pres-
sure favors its liquefaction, causing it to melt at a lower temperature 
than it would otherwise do; but for bodies with which melting is a pro-
cess of expansion, pressure produces au opposite effect, namely, that of 
augmenting the fusing point. These conclusions of J a rues Thompson 
and William Thoqtpson have been experimentallj- Yeritied by Bunsen, 
Fairbairn, and Hopkins. It results from this physical law that the 
effect of pressure upon materials like molten rocks would be such that 
solidification at a depth from the surface would take place at a temper-
ature much higher than that required for their solidification at t~e sur-
face. lienee, in opposition to the notion of a congealed layer, like a 
sheet of ice, resting upon the surface of a molten globe, Hopkins, and 
with him Scrope, supposes solidification to haye commenced at the cen-
ter of the liquid mass and to have advanced toward the circumference. 
l\1r. Hopkins concludes that the pressure existing at great depths must 
have induced congelation of the molten mass at temperatures at which, 
under a less pressure, it would have remained liquid. Before the last 
portions became solidified, there was produced, it is conceived by l\1r. 
Hopkins, a condition of imperfect 1iquidity, preYenting tile sinking of 
the cooled and heavier particles, and giving rise to a superficial crust, 
from which solidification would proceed downward. There would thus 
be inclosed between the inner and outer solid parts, a portion of 
uncongealed matter, which, according to him, may be supposed still 
to retain its liquid <;ondition, and to be the seat of volcanic action, 
whether existing in isolated reservoirs or subterranean lakes, or whether, 
as suggested by Scrope, forming a continuous sheet surrounding the 
solid nucleus. 
§ 12. This Yiew of the constitution of the globe, or one analogous to 
it, has found favor with many theorists. Professor N. S. Shaler, of 
Harvard, who, in a recent essay ou the formation of mountain chains, 
iu the proceedings of the Boston Society of Natural History, has 
adopted it, concisely st:.:ttes it as follows: " The earth consists of an 
immense solid nucleus, a hardened outer crust, and an intermediate 
region of comparatively slight depth, in an imperfect state of igneous 
fusion." In this connection it is curious to remark that, as lately pointed 
out by l\1r. J. Clifton Ward, Halley was led, from the study of terres-
trial magnetism, to a similar hypothesis. He supposed the existence of 
two magnetic poles situated in t.he earth's outer C\'ust, and two others 
in an interior mass, separated from the solid envelope by a fluid 
medium, and revolving, by a very small degree, slower than the 
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outer crust.* The same conclusion was subsequently adopted lJy Ran-
steen. 
§ 13. Apart from th'ese considerations, however, many of the best 
modern physicists and geologists have found numerous reasons for 
rejecting the popular notion which regards our globe as a liquid molten 
mass covered by a layer of twenty or thirty miles of solidified rock. 
The deductions of Hopkins from the phenomena of precession and nuta-
tion, those of Pratt from the crushing force of immense mountain masses 
like those of the Himalaya, and those of Sir William Thompson from the 
tides, showing the great rigidity of the earth, all unite to prove that 
the earth, if not solid to the center, must have a :firm and solid crust 
several hundred miles in thickness. Under these conditions, if there 
still exist a liquid center, it must, so far as superficial phenomena are 
concerned, be as inert as if it were not. We are thus prepared to accept 
the conclusions to which the line of argument in§ 11leads us, and·aumit 
that our globe solidified from the center. 
§ 14. It is, then, with the superficial portions of the earth, alone, that 
we have to do from the moment of its solidification; and as in the sub-
sequent pages of our history air and water must play an important part, 
it becomes necessary, bpfore going further, to consider briefly the nature 
of the process of aqueous solution and its relations to pressure. Solu-
tion may, for our present purpose, be defined as a chemical union between 
two or more bodies, of which one is liquid, resulting in a liquid product, 
and accompanied by a change of volume. t In ordinary cases, as in that 
of most bodies dissolYing in water, this change is in the direction of con-
densation, and hence, as might be expected, pressure exerts an influence 
similar to that in the liquefaction of certain bodies by fusion, explained 
in § 11. Pressure facilitates the liquefaction of ice, which is attended 
by condensation, and acts in like manner in the case of solution, so that 
the solubility of salts in water, as shown by the experiments of Sorby, is 
increased by pressure. We can scarcely doubt that these phenomena 
of fusion and solution come under one general physical law, and that 
for all those bodies which contract in dissolving, (to which there are 
but few exceptions,) their solubility in water must be augmented by 
and in proportion to the pressure. As expressed by Mr. Sorby, mechani-
cal is thus converted into chemical force. :j: · -
§ 15. Reverting now to the solidified globe, in whose superficial por-
tions and in the surrounding gases and vapors were present all the 
chemical elements with which we have to do, it is necessary to consider 
briefly its physical and its chemical condition at this early period. 
The formation of a crust at the surface of the viscid layer which still 
enveloped the solidified mass of the globe, as conceived b;y Hopkins, 
is readily admissible; but that this process commenced when the remain-
ing envelope of liquid mateer was yet so deep that the refrigeration up 
to the present time has not been sufficient for its entire solidification 
is not probable. Such a crust on the cooling superficial layer would, 
from the. contraction consequent on the further refrigeration of the 
liquid stratum beneath, become more or less depressed, corrugated, and 
"*The elevated temperature of the interior of the globe would probably offer no ob-
stacle to the development of magnetism. In a recent experiment of M. Treve, com-
municated by M. Faye to the French Academy of Sciences, it was found that molten 
cast iron when poured into a mold, surrounded by a helix which was traversed by an 
electric current, became a strong magnet when liquid at a temperature of 1,300° C., 
and retained its magnetism wl:ile cooling. (Comptes-Renclus cle l'Academie cles Sciences, 
l•'ebruary, 1869.) 
t T. S. Hunt, Thoughts on Solution, American Journal of Science, [2,] xix, 100. 
t Bakerian Lecture for 1863, L. E. aud D, Philosophical Magazine, February, 1864. 
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broken up, thu~ causing the extravasation of the yet nnsoli<lified portion, 
which would cont.ribute to the vast amount of mineral m~ttter brought 
within the chemical influences of the surrounding atmosphere. Further 
contraction from cooling would render this material more or less porons 
and permeable, preparing it for that process of combined mecllanical 
and chemical disintegration which would result from the action of the 
acid liquids afterwards to be precipitated from the atmosphere. 
§ 16. We have next to consider the chemical constitution of this irregu-
lar surfaced and broken-up ernst of anhydrous and primitive igneous 
rock, which is now everywhere buried beneath the products of its disin-
tegration. It is evident that, with the exception of those whieh Wt"'re 
still in a gaseous form, it must have contained all the elements wllicb · 
now make up the known rocks of the earth's crust. If we coucei,~e these, 
together with the air, the ocean, and its dissolved salts, now to react 
upon each other under the influence of an intense beat, it will enable us 
to form Home notion of the chemical relations of the elements of th('\ 
globe at the time when they were cooling do"Wn from tllat condition of 
igneous vapor which we suppose to have been that of our planet at an 
early stage in its history. To the chemist it is evident that from sueh 
a process applied to our globe would result the oxidation of all carbona-
. ceous matter, the conversion of all carbonates, cblori<les, and sulpbates, 
into silicates, and the separation of the carbon, r.hlorine and sulphur iu 
the form of acid gases, whieh, 'vith nitrogen, watery vapor, aud an excess 
of oxygen, would form an exceedingly dense atmosphere. The resulting 
fused mass would contain all the bases as silicates, and would proba bl.v 
nearly resemble in composition certain furnace-slags or basic volcanic 
glasses. Such we may conceive to have been tlle na.ture of the primitive 
igneous rock, and such the composition of the primeval atmosphere, whieh 
must have been one of very great density. Under the pressure of a high 
barometric column condensation would take place at a temperature 
much above the present boiling point of water, and the lower levels of 
the half-cooled crust would be drenclled with a highly heated solution 
of hydrochloric acid, 'vhose decomposing action would be powerfully 
aided by the temperature. The formation of chlorides of the various 
bases, and the separation of silica, would go on until the affinities of the 
acid were satisfie(l, while there would result a sea-water holding in the 
solution, besides the chlorides of sodium, calcium, aud magnesium, salts 
of aluminum and other metallic bases. At a later period the gradual 
combination of oxygen with sulphurous acid. would eliminate this from 
the atmosphere in the form of sulphuric acid. The atmosphere being thus 
deprived of its volatile compounds of chlorine and sulphur, would ap-
proach to that of our own time, but differ in its much greater amoan t 
of carbonic acid. It will be remarked that from the affinities which 
would come into play in the conditions above supposed, all the elements, 
with the exception of the noble metals, nitrogen, chlorine, the relate'l 
haloids, and the hydrogen combined with these, would be united with 
oxygen. The volatility of gold, silver, and platinum, would keep them 
still in a gaseous condition at temperatures where silicon, and with it 
the baser metals, were precipitated in the form of oxides. 
§ 17. The process just described ceased with the separation from the 
air of the eompounds of sulphur and chlorine, and then commenced 
the second stage in the action of the atmosphere on the earth's crust, 
b.r wbich, under the influence of carbonic acid and moisture, its com-
plex aluminous silicates are converted into a hydrated silicate of alum-
ina or clay; while the separated lime, magnesia, and alkalies, being 
ehanged into bicarbonates. are conveyed to the sea in a state of solution. 
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The first effect of these dissolved carbonates would be to precipitate 
the dissolved alumina and the heavy metals, after which came the de-
composition of the chloride of calcium and the formation of carbonate 0f 
lime llilld chloride of sodium. This action of carb01iic acid is still going 
on at the earth's surface, slowly breaking down and destroying the 
harde:;;;t rocks, and, aided by mechanical processe£, transforming them 
·into clays; although the action, from the comparative rarity of carbonic 
acid in the atmosphere, is now le~s energetic than in earlier times, wheu 
the abundance of this gas, and a higher temperature, fctvored the 
chemical decomposition of the rocks. But now, as then, every clod of 
clay formed from the decay of a crystalline rock corresponded to au 
equivalent of carbonic acid abstracted from the atmosphere, and to 
equivalents of carbonate of lime and common salt formed from the 
chloride of calcium of the sea-water. 
It is '(ery instructive, in this connection, to compare the composition 
of the water8 of the modern ocean with that of the sea in ancient times, 
whose composition we learn from the fossil sea-waters which are still to 
be found in certain regions, imprisoned in the pores of the older stratified 
rocks, and are the source of many of our saline mineral waters*. These 
are vastly richer in salts of lime and magnesia than those of the present 
sea, from which have been separated, by chemical processes, all the car-
bonate of lime of our limestones, with the exception of that derived from 
the sub-aerial decay of calcareous and magnesian silicates belonging to 
the primitive crust. 
§ 18. The gradual removal, in the form of carbonate of lime, of tbe 
carbonic acid from the primeval atmosphere, has been connected with 
great changes in the organic life of the globe. The air was doubtless 
at first unfit for the respiration of warm-blooded animals, and we find 
the higher forms of life coming gradually into existence as we approach 
the present period of a purer air. Calculations based upon the proba-
ble amount of limestone in the earth's crust, lead us to conclude that 
the amount of carbon thus removed in the form of carbonic acid bas 
been so enormous, that we must suppose the earlier forms of air-breath-
ing animals to ha-ve lJeen peculiarly adapted to live in an atmosphere 
which would probably lJe too impure to support modern reptilian life. 
Growing plants under the stimulus of light possess, as is well 
known, the power to absorb carbonic acid, appropriating the carbon and 
liberating oxygen. The importance of this agency in purifying the 
primiti-ve atmosphere was long since pointed out by Brongniart, and 
our great stores of fossil fuel have been derived from the decomposition, 
by the ancient vegetation, of the excess of carbonic acid of the early 
atmosphere, which, through this agency, was exchanged for oxygen gas. 
• In this connection the vegetation of former periods presents the curious 
phenomenon of plants allied to those now growing beneath the tropics 
flourishing within the polar circles. Many ingenious hypotheses have 
been proposed to account for the warmer climate of earlier times, but 
are at best unsatjsfactory, and it would appear that the true solution 
of the problem may be found in the constitution of the early atmosphere, 
when considered in the light of Dr. Tyndal's beautiful researches on 
radiant heat. He has found that the presence of a few hundredths of 
carbonic acid gas in the atmosphere, while offering almost no obstacle 
to the passage of the solar rays, would suffice to prevent almost entirely 
the loss by radiation of obscure heat. 
The aqueous vapor which our atmosphere contains exerts a pow€rful 
"T. S. Hunt. Contributions to the Chemistry of Natural Waters, American Journal 
of Science, [2. j XXXIX, 184. · 
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influence of the same kind, allowing the sun's ra,ys to reach the earth, 
but preventing to a great extent the loss by radiation of the heat thus 
communicated. \Vhen, however, the supply of heat from the sun is in-
terrupted at night, the radiation which goes on into space causes the 
precipitation of a great part of the watery vapor from the air, and the 
earth, being thus deprived of its protecting shieLd, becomes more and 
more rapid!~~ cooled. If now we could suppose the atmosphere to be 
mingled with some permanent gas which should possess an absorptive 
power like that of aqueous vapor, this cooling process would be jn a 
great measure arrested, an<l an effect would be produced similar to that 
of a screen of glass, which keeps up the temperature beneath it, both 
directly by preventing the escape of radiant heat, and indirectly by 
hindering the condensation of the aqueous vapor in the air confined be-
neath. Such a gas is carbonic acid, and the large amount of it which 
existed in the atmosphere during former geological periods must have 
aided greatly to maintain the elevated •temperatures which then existed 
at the earth's surface. Without doubt the greater extent of sea and the 
absence or rarity of high mountains contribute<l much to the mild cli-
mate of former geologic ages; but to these must be added the influence 
of the whole of the carbon since condensed in the forms of carbonate of 
lime and coal, which then existed as a transparent and permanent gas 
mingled with the atmosphere surrounding the earth, and protecting it 
like a dome of glass. To this effect of carbonic acid it is possible that 
other gases may have contributed. The ozone which is mingled with 
the oxygen set free from growing plants, and the marsh-gas which is now 
evolved from decomposing vegetation, may, by their absorpth·e powers, 
which are far greater than that of carbonic acid, have contributed 
greatly to maintain a high temperature at the earth's surface in early 
times.* 
§ 19. The part which vegetation has played in the chemical history oftbe 
globe has not been limited to the purification of the atmosphere. It 
seems to have been the great agent through which solar force bas effected 
a partial deoxidation of the thoroughly burned or oxidized materials of 
the primitive world. By means of growing plants carbonic aci.d and 
water are reduced, giving rise to the various forms of carbon and to 
hydrocarbonaceous bodies, and these ha,·e been the agents by which the 
sulphates of the metals have been deoxidized, and sulphur, native 
metals, and metallic sulphides produced. It is moreover by the reducing 
action of decaying organic matters that the peroxide of iron is partially re-
duced and removed in a soluble form from sediments, to be afterwards 
deposited in the form of iron ore. The evidences of this reducing and 
dissolving action of organic matter are met with not only in the fire-
clays and iron-stones of the carboniferous system, and among secondary, 
tertiary, and modern deposits, bnt on a grand scale in the Laurentian 
system, where great thicknesses of sediments are found almost destitute 
of iron, while beds of iron ore more extensive than at any subsequent 
periocls are evidences of the abundance of organic matters at that early 
time. If these are not more frequently preserve<l in the form of an-
thracite and graphite, it is because the amount of peroxide of iron dif-
fused through the sediments of the period furnishe<l the oxygen neces-
sary for the oxidation of the carbon. Inasmuch as the ores of these old 
rocks, in their present forms of hematite and magnetite, are very insolu-
ble, and represent so much iron withdrawn from the terrestrial circula-
tion, it is evident that the proportion of this element, existing in a dif-
,. T. S. Hunt, On the Earth's Climate, etc., American Journal of Science, [2,] xxxd, 396, 
1863. . 
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fused anJ oxidized state in recent sediments, must he less in those of 
more remote times.* 
To the chemist the presence of graphite, or of a metallic sulphide in 
a rock, affords clear evidences of the intervention of organic life; and. 
these indirect evidences are met with not only in the oldest known strati-
fied rocks, those of the Laurentian Rystem, but in the . eruptive 
diorites, which rise from beneath them, and are pyritiferous. The presence 
of graphite, native iron, and sulphurets in most aerolite~, not to mention 
the hydrocaruonaceous matters which they sometimes contain, tells us 
in unmistakable language that these bodies come from a region where 
vegetable life has performed a part not unlike that which still plays on 
our globe, and even lead us to hope for the (liscovery in them of organic 
forms which may give us some notion of life in other worlds than our 
own. 
§ 20. Animal life has played in the chemical history of our planet a 
part much less important than vegetation, sinee it is entirely depend-
ent for support upon the products elaborated for it by plants, and by 
cllemical forces. Thus, although many limestones are made up chiefly, 
and even wholly of the calcareous remains of marine animals, these 
did no more than appropriate from the water the carbonate of lime 
generated by the chemical actions explained in §17. If the waters of 
the present ocean do not <leposit carbonate of lime, it is simply because 
the amount of it now generated by the slow decomposition of the solid 
rocks is not more than is required for the living organisms which it con-
tains. Let these become extinct and the supply of carbonate of lime, 
which would still continue, would soon cause .deposits of precipitated 
carbonate of lime. Such a condition of things existing in past ages, in 
limited basins, has given rise to sediments of this kind, which constitute 
some of the :finest statuary marbles. 
The waters charged with the products of the sub-aerial decay of rocks, 
convey to the sea, as we have seen, bicarbonates of alkalies, lime, and 
magnesia; but from the reaction of these on the chloride and sulphate of 
calcium in the ocean waters earbonatR of lime alone separates, since bi-
carl>Onate of magnesia decomposes chloride of ealcium with formation 
of magnesian chloride. vVhen, however, in a closed sea-basin all of the 
chloride of calcium is decomposed, the chloride of magnesium is attacked 
by the alkaline carbonateR, and the resulting carbonate of magnesia is 
separated, mixed with the carbonate of lime which had accompanied. 
these. 
When in to a similar closed. basin, or an evaporating salt lake in a dry 
region, holding sulphate of magnesia, there is conveyed a water charged 
with bicarbonate of lime, there results a double decomposition, giving 
rise to sulphate of lime and bicarbonate of magnesia. The latter, being 
the more soluble salt, remains dissolved, while the sulphate of lime crys-
tallizes out in the form of gypsum, but at a later period. is deposited as a 
hydrated carbonate of magnesia, generally mixed with carbonate of lime. 
To efl'ect this reaction it is necessary that there should be present such an 
excess of carbonic acid as to keep the magnesia in the condition of bi-
carbonate until the gypsum has crystallized out, inasmuch as dissolved 
sulphate of lime is readily decomposed by carbonate of magnesia. This 
condition can only be attained by especial precautions in the atmosphere 
of our period; but by operating in an atmosphere more highly charged 
with carbonic acid, the production of gy~psum and magnesian carbonate 
by tllis reaction is readily effected. We may hence conclude tllat it 
was the more highly carbonated atmosphere of early periods which 
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favored the accumulation of the great beds of gypsum and magnesian 
limestones which generally accompany the salt deposits of past geologi-
cal periods. The hydrated magnesian carbonate, whether the con-
comitant of gypsum, as in this case, or of chloride of sodium, as in the 
former reaction, unites chemically with the associated carbonate of lime, 
and gives rise to dolomite or magnesian limestone.* 
§ 21. The action of carbonated alkaline waters 011 we salts of the sea 
under ordinary conditions thus giYes rise to carbonate of lime, and it is 
only under peculiar circumstances that magnesian carbonate h:; sep-
ar·ated. The case is, however, changed with silicated alkaline waters 
coming from deep·ser~ted silicated rocks, which undergo a decomposi-
tion without the intervention of the atmospheric air, and hold dissoh·ed 
silicates of alkalies and of lime. These reacting on the magnesian salts 
dissolved in sea-water give rise to magnesian si1icates, which are very 
insoluble. Hence we frequently :find deposits of magnesian silicates 
in sediments, while silicates of lime are comparatively rare. In the 
solubility of bicarbonate of magnesia and the insolubility of the cor-
responding lime salt, and in the insolubility of magnesian silieate and 
the solubility of silicate of lime, we :find a simple explanation of the geo-
logical relation of calcareous e:md magnesian silicates and carbonates.t 
§ 22. The relations of the alkalies, potash and soda, require ·some 
ponsideration in this connection. The silico-aluminous compounds of 
potash possess a much greater degree of stability than those of soda .. 
This is exemplified in the case of rocks which contain, side by side, 
orthoclase and albite, or oligoclase, when it is often fotmd that the ·soda-
feldspar has tuldergone decomposition from a loss of a portion of its . 
alkali and partial disintegration, while the orthoclase or potash-feldspar 
remains unchanged. It is well known that waters holding large portions 
of potash salts in solution, exchange the potash for soda when filtered 
through a stratum of earth in which the amount of potash is, neverthe-
less, as great or greater than the soda; and we :find that in natural spring-
waters, which often contain considerable amounts of alkaline carbonates, 
the proportion of potash to the soda is as small as in the ocean. Sur-
face-waters bearing the unfiltered wash of the land carry considerable 
portions of potash to the sea, but it is constantly removed, partly, at 
least, by the agency of fucoids, which, as Forchammer has shown, like 
land-plants, take up large amounts of potash, and subsequently, by 
their decay in contact with the argillaceous mud, restore the alkali in an 
insoluble form to the earth. The formation of glauconite, a peculiar 
silicate rich in potash, which has been going on in the bottom of the sea 
from a very early period to the present time, has also been constantly 
withdrawing the potash from the ocean, so that soda is still the predomi- · 
nant base in its waters. 
§ 23. The changes of silicated rocks under the influence of water, 
carbonic acid, and the products of decaying organic matter, present 
several points of interest. The chemical decomposition of feldsparR con-
sists in the removal of their protoxide bases, alkalies, ancllime, together 
with a portion of silica, leaving as a :final result a hydrous silicate of alu-
mina or clay. This change is favored by mechanical division, and Dau-
bree has shown that by the prolonged attrition of the particles of granite 
under water, the softer and cleavable feldspar is, in great part, reduced 
to an impalpable powder, while the uncleavable quartz forms· rounded 
grains of sand, the water at the same time dissolving from the feldspar a 
* T. S. Hunt, On the Salts of Lime and Magnesia. American Journal of Science, [2,] 
xlii, 49. · 
t T. S. Hunt, American Journal of Scjence, [2,] xl, 49. 
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certain portion of alkali and silica. The soda-feldspars, being more easily 
decomposed and disintegTated by atmospheric influences, are broken up 
by mechanical agencies more readily than the potash-feldspar. The same 
is true of silicates like hornblende and pyroxene, which are less hard than 
the feldspars. From the mechanical and chemical disintegration of 
ordinary crystalline rocks, which consist chiefly of these various minerals, 
together with qt•.:..=~-~= , there will result a coarse sandy sediment, in which 
quartz with more or less orthoclase will pre-vail, while the finer mud 
will contain only the more minutely di-vided particles of these, together 
with partially decomposed soda-feldspar, clay, and the comminuted 
hornblende and pyroxene. -
§ 24. This process is e-vidently one which must go on in the wear-
ing away of rocks by aqueous agency, and explains the fact that while 
quartz, or an excess of combined silica·, is, for the most part, wanting in 
rocks which contain a large por.tion of alumina, it is generally abundant 
in those rocks in which potash-feldspar predominates. The coarser and 
more silicious sediments are readily permeable to infiltrating wate1~s, 
which gradually remo-ve from them the soda, lime, and magnesia which 
they still contain, and, if organic matters intervene, the oxide of iron, 
leaving at last little more th~w silica, alumina, and potash, the elements 
of granite, trachyte, gneiss, and mica-schist. On the other hand, the finer 
sediments, whose origin, simultaneous with the coarser, we have just 
·explained, resisting the penetration of waters, will retain all their soda, 
lime, magnesia, and iron-oxide, and containing an excess of alumina, 
with a small amount of silica, may, by their metamorphism, give rise to 
basic lime and soda-feldspars, and to pyroxene and hornblende-the 
elementl:l of diorites and dolerites. 
§ 25. The disintegration of alkaliferous rocks, however, frequently 
takes place under such conditions as to be more mechanical than chemi-
cal, and it may often happen that sediments still retaining a considerable 
amount of combined soda becom~ mingled with carbonates of lime and 
magnesia. The reaction which then goes on between the liberate.d 
alkaline silicate and these earthy carbonates gradually effects the con-
version of these into silicates, .while the alkali is eliminated in the form 
of soluble (jar bonate of soda, giving rise to alkaline mineral waters, which, 
as I have shown, are abundantly generated in sediments where feldspathic 
matters and earthy carbonates are intermingled. It is only from rocks 
destitute of these carbonates that silica ted alkaline waters can issue. · 
§ 26. A decomposition more exclusi-vely chemical is observed particu-
larly among the crystalline schists of tropical and semi-tropical regions, 
where a process of disintegration often destroys the cohesion of the 
rocks to a considerable depth. This change, which has been but imper-
fectly studied, is probably dependent in great part on the action of the 
soluble products of vegetable decomposition, aided by the elevated tem-
perature. It, however, requires careful investigation; and a considera-
tion of the causes which have induced it. and the extent to which it ma;y 
l1ave in former periods prevailed on the earth's surface, is of great geolo-
gical importance, since the immense erosion of which geognosy affords 
us evidence, and which seems so difficult to explain if we conceive the 
rocks to have been as hard as we now find them in many regions, becomes 
more easily intelligible if we suppose the cohesion of the crystalline rocks 
to have been previously much weakened by decay. 
§ 27. The operation of the mechanical and chemical agencies which pre-
.side over the disintegration of pre-existing rocks naturall~r eli vi des the 
insoluble products into two types, approaching in chemical composition, 
a·s we have shown, to granites, gneiss, and mica-schis~, on the one hand, 
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and to diorites and dolerites on the other. These correspond to the t wo 
classes of igneous rocks designated by Bunsen as the trach;ytic and 
pyroxenic types. 
§ 28. There is, however, a third source of silicate<l rocks, to which 
some aBusion has already been made in speaking of the production of 
magnesian silicates by direct precipitation, as the result of chemical 
changes in solutions. In this way have been formed, besides these and 
related protoxide silicates, other silicates, including alumina. This base 
in certain conditions as yet but imperfectly understood, passes into 
solution in water, and has given rise to ~omplex silicates, including pro-
toxide bases. As I have elsewhere expressed it, not only steatite, pyrox-
ene, hornblende, and serpentine, but chlorite and, in many cases, garnet 
and epidote, have had their orig-in in the crystallization and molecular 
re-arrangement of natural silicates, generated by chemical processes in 
aqueous solutions at the earth's surface. To these must be added other 
silicates, containing alkalies, chiefly potash, such as glauconite, and a 
hydrous sHicate of alumina and potash which has the composition of 
pinite or agalmatolite and forms beus in the sedimentary rocks of dif-
ferent geological periods. Evidences abound of the solution of alumina, 
and of the generation, as chemical precipitates, of various alurniniferons 
silicates. These, like the similarly-formed protoxide silicates, are in 
most, if not all cases, highly basic, and moreover, from the mechanical 
conditions of their production and deposition, are found associated and 
even intermingled with the finely-divided basic sediments of mechanical 
origin. The aluminous silicates thus formed, though mineralogical1y 
important, are probably small in amount when compared with the great 
mass of argillaceous sediments. 
§ 29. The chemical changes which are wrought in the silicated rocks 
during their mechanical disintegration are, as we have seen, ehicfly the 
elimination of the alkali~s, especially the soda, in a soluble form from 
its aluminous compounds, and the separation and accumulation of the 
oxide of iron. The decomposition of the silicates of lime and rnagnesi<-1 
which takes place is, to a great extent, compensated for by the regene-
ration of similar compounds "by the reaction already explained, but the 
mean composition of the argillaceous sediments of any geological epoch 
will depend not only upon the age of a formation, but upon the number 
of times which its materials have been broken up, and the length of the 
periods during which they have been exposeu, in an unmetamorphose<l 
condition, to the action of water, carbonic acid, and vegetation. If, how-
ever, we may assume tha,t this action, other things being equal, bas on 
the whole been most complete in the newest formations, it is evident 
that the chemical and mineralogical composition of different systems of 
rocks must vary with their antiquity, so that we may find in their com-
parative study a guide to their respectiYe ages. Silicious deposits, and 
chemical precipitates, like the carbonates and silicates of lime and mag 
nesia, may exist, with similar characters, in the geological format,ions of 
any age,* not only forming beds apart, but mingled with the less perme-
able silico-aluminous sediments of mechanical origin. Inasmuch as the 
chemical agencies giving rise to these compounds were then most active, 
they may be expected in greatest abundance in the rock~ of the earlier 
periods. In the case of the more permeable and more highly silicious 
sediments already noticed, (§ 24,) whose principal elements are silica, 
alumina, and alkalies, the deposits of different ages will be marh:ed 
chiefly by a progressive diminution in the amount of potash and in the 
disappearance of the soda which they contain. In the oldest or least 
*Geology of Canada,·Report, 1866, page 230. 
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lixiyiated rocks the .Proportion of alkali will be nearly or quite sufficient · 
to form orthoclase or albite with the whole of the alumina present, but 
as the alkali diminishes, a portion of the alumina will crystallize, upon 
the metamorphism of the sediments, in the form of a potash-mica, such as 
muscovite or margarodite. \Vhile the oxygen-ratio between the alum-
ina and the alkali in the feldspars just named is 3: 1, it becomes 6:1 in 
margarodite and 12: 1 in muscovite. The appearance of these micas in an 
aluminous rock denotes, then, a diminution in the amount of alkali, until 
in some strata the feldspar almost entirely disappears, and the rock be-
comes a quartzose mica-schist. In sediments still further deprived of 
alkali, metamorphism gives rise to schists filled with crystals ofkyanite or 
of an<lalusite, simple silicates of alumina, into which alkalies do not en-
ter, at least in noticeable quantities; but, in case the sediment still retains 
oxide of iron, staurolite and iron-garnet take their place. The matrix 
of all these minerals is generally a micaceous schist. The last term in 
this exhaustive process appears to be represented by the distbene and 
pyrophyllite rocks which occur in some regions of crystalline schists. 
In conformity with what bas just been pointed out, it will be seen that 
these aluminous silicates destitute of alkalies do not occur in the oldest 
known sediments; in those of the Laurentian system, in which also mica 
is found in comparatively small quantities, nearly all the alumina present 
being in the form of orthoclase or albite.* 
§ 90. By metamorphism in geolog,v is understood the change of chem-
ical and mechanical sedimentary deposits into crystalline stratified 
rocks. The conversion of these sediments into definite miueral species 
has been effected in two ways : First, by molecular changes-that is to 
say, by a crystalline arrangement of particles of definite compounds 
previously formed; and, secondly, by chemical reactions between the ele-
ments in heterogeneous sediments, giving rise to new compounds, which 
become crystalline in their turn. Pseudomorphism, which is the change 
of one mineral species into another by the introduction or the elimina-
tion of some element or elements, presupposes metamorphism, since only 
definite mineral species can be the subjects of this process. To confound 
metamorphism with pseudomorphism, as Bischof and others after him 
haye done, is therefore an error. It may be further remarked that 
althongh certain pseudomorphic changes may take place in some min-
eral species existing in veins and near to exposed surfaces, the alteration 
of great masses of silicated rocks by Buch a process is as yet an unproved 
hypothesis. 
§ 31. The cases of local metamorphism in proximity to intrusiye rocks 
go far to show, in opposition to the views of certain geologists, that 
beat has been one of the necessary conditions of the chemical change. 
The source of this heat is generally admitted to be from below, but to 
the hypothesis of alteration by ascending heat Naumann has objected 
that the inferior strata in some cases escape change, and that, in descend-
ing, a certain plane limits the metamorphism, separating the altered 
strata above from the unaltered strata beneath, there being no apparent 
transition between the two. This, taken in connection with the 'veil-
known faet that in many cases the intrusion of igneous rocks causes no 
apparent change in the adjacent unaltered sediments, shows that heat 
aud moisture are not the only conditions of metamorphism. I showed, 
by experiment~ in 1857, that, in addition to these conditions, certain , 
*For a discussion of this subject see my paper on The Chemical and Mineralogical 
Relations of Metamorphic Rocks, Dublin Quarterly Journal of Science, July, 18G3; also 
Geology of Canada, 1863, page 561, and chap. XIX, of the same work. 
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chemical reagents might be necessary, and that water impregnated with 
alkaline carbonates and silicates would, at a temperature not aboye 1000 
centigrade, produce chemical reactions among the elements of many 
sedimentary rocks, dissolving silica and generating various insoluble 
silicates.*:' Subsequent experiments by Daubree confirmed these results 
of mine, aud both together showed the agency of heated alkaline waters 
to be sufficient to effect the metamorphism of sediments by the two 
modes already mentioned, namely, by molecular changes and by chem-
ical reactions. 
§ 32. Daubn~e further showed. by his obseryations on the thermal 
alkaline spring at Plom bieres, that its waters, at a temperature of 70° 
centigrade, had in the course of centuries given rise to the formation of 
zeolites and other crystalline silicated minerals among the bricks and 
mortar of the old Homan baths. Tlw influence of similar \Vaters may 
account for many cases of local metamorphism, but is utterly inadequate 
to explain the complete and universal alteration of great areas of sedi-
mentary rocks, embracing many hundreds or thousands of square miles. 
On the other hand, the study of the origin and distribution of mineral 
springs shows that alkaline waters, whose action in metamorphism I 
first pointed out, and whose efficient agency Danbree has since so well 
shown, are confined to certain sedimentary deposits and to definite 
stratigraphical horizons, above and below which saline \Vaters wholly 
different in character are found impregnating the strata. This fact 
offers a simple solution of the difficulty advanced by Naumann, and a 
complete explanation of the theory of metamorphism of deeply-buried 
strata by the agency of ascending heat, which is operative in producing 
chemical changes only in those strata in which soluble alkaline salts are 
present. 
§ 33. 'Ve ha-ve said that the metamorphism of sediments includes both 
cJ.emica1 and crystallogenic changes. The gradual transformation of 
amorphous precipitates under water into crystalline aggregates, so ofte11 
observed in the laboratory, appears to depend upon partial solution and 
re-deposition of the material, which must not be entirely insoluble in the 
surrounding liquid. If the solvent power of this be reduced, the dis-
solved portions are deposited on certain particles rather than others. 
By a subsequent exaltation of the solYent power of the liquid, solution 
of a further portion takes place, and this, in its turn, is deposited 
around the nuclei already formed, which are thus augmented at the 
expense of the smaller particles, until these at length disappear, being 
gathered to the crystalline centers. Such a process, which has been 
studieu by H. Deville, suffices, under the influence of the changing tem-
perature of the seasons, to convert many fine precipitates into crystal-
line aggregates, by the aid of liquids of slight solvent powers. A simi-
lar agency may he supposed to have effected the crystallization of bune<l 
sediments, and changes iii the solvent power of the permeating water 
might be due either to variations of temperature or of pressure. Simul-
taneously with this process one of chemical union of heterogeneous 
elements may go on, and in this way, for example, we may suppose d1e 
carbonates of lime and magnesia become united to form dolomite or 
magnesian limestone. (§ 20.) 
§ 34. vVhen the sedimentary strata have thus been rendered crystal-
line by metamorphism, their permeability to W2l!ter anll their alterability 
thereby become greatly diminished; and it is only when again broken 
down by mechanical agencies to the condition of soils and sediments 
that they once more become subject to the chemical changes which ha·ve 
"T. S. Hunt, American Journal of Science, [2,] xxiii, 407; xxv, 287-437. 
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been described in § 23. While the crystalline stratified rocks are but 
slight.ly porous the unaltered strata hold large quantities of water in their 
pores. The mean of thirty-six detf\rmina.tions upon sandstones, shales, 
limestones, and dolomites from twenty-five different localities among 
the unaltered paleozoic sediments of Canada showed that 7.75 volumes 
of water were held in 100 volumes of the thoroughly-moistened rock. 
The proportion varied from less than 1.0 per cent. in the more compact 
limestones, to 10.0 and even 21.0 per cent. in the sandstones, an amount 
which is greatly exceeded in some more recent limestones.')(' A large 
proportion of the ocean's waters is thus imprisoned in the vast volume 
of unaltered sediments, and set free when these become metamorphosed, 
a process which is attended. with a corresponding reduction of volume. 
In addition to this, moreover, the clays and other liydrated silicates lose 
a large part of their chemically-combined. water during metamorphism, 
and become changed into crystalline compounds of increased density. 
This becomes obvious \VIJen we compare the specific gravity of such 
species as garnet, epidote, chloritoid., staurolite, andalusite and kyauite 
with that of the unaltered sediments in the midst of which they are gen-
erated. From this condensation, then, as well as from the mechanical 
contraction consequent upon the expulsion of water, the metamorphism 
of sediments is attended with a very considerable diminution of bulk, 
which is not without geological significance. It results from tlJe exper-
iments of Sorby (§ 14) that such chemical changes as are accompanied by 
cendensation or diminution of volume are favored and accelerated by 
pressure, which may thus become a direct agent in promoting meta-
morphism as well as solution. 
§ 05. The crystallization which takes place in sedimentar;y rocks not 
unfrequently effaces more or less completely the traces of their stratified 
and sedimentary origin, as is seen, for example, in many gneisses, whieh 
are scareely distinguishable from granite. The study of such rocks, 
moreover, affords abundant proof that this alteration bas been attended 
with sueh a softening that the material has been molded by pressure, 
forced into fissures or openings in less fusible or less heated strata, and 
thus taken the form of what is designated as eruptive rocks. The action 
of heat upon sedimentary rocks is not, however, confined to condensa-
t.ion, crystallization, and softening; strata in which carbonates, sulphates, 
chlorides, and carbonaeeous substances are mingled with silicious and 
argillaceous matters, will, at a sufficiently-elevated temperature, in the 
presence of water, undergo sueh changes as must liberate carbonic acid, 
hydrochloric acid, and sulphuretted hydrogen, which are the common 
gaseous accompaniments of volcanie action. From these considerations 
we are led to a rational theory of volcanic and eruptive rocks, which we 
conceive to have their seat, not in an uncongealed portion of the once 
liquid globe, but in the more deeply-buried portions of that disinte-
grated crust whose origin has been explained in§ 14. 
§ 36. The history of this theory forms an interesting chapter in 
geology. As remarked by Humboldt, a notion that volcanic phenomena 
have their seat in the seclirnentary formations, and are dependent on the 
combustion of organic substances, belongs to the infancy of geology: 
To this period belong the theories of Lemery and Breislak, ( Oosrnos, v. 
443; Otte's translation.) Keferstein, in his Naturgeschichte des Erdkor-
pers, published in 1834, maintained that all crystalline non-stratified 
rocks, from granite to lava, are products of the transformation of sedi-
mentary strata, in part very recent, and that there is no well-defined 
.,. Geologica 1 Report of Canada, 1866, p. 283.-American Journal of Science, [2,] 
xx.xix, 183. 
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line to be drawn between neptunian and -volcanic rocks, since they pass 
into each other. Volcanic phenomena, according to him, have their 
origiu, not in an igneous fluid center, nor in an oxidizing metallic 
nucleus, (Davy, Daubeny,) but in known sedime11tary formations, where 
they are the result of a peculiar kiu<l of fermentation, which crystallizes 
and arranges in new forms the elements of the sedimentary strata, with 
an evolution of heat as a result of the chemical process, (Nat'lcrgeschichte, 
vol. i, p. 10D; also Bulletin de la ~ociete Geologique de France, r1 ], vol. 
Yii, p. 1!.>7.) ln commenting upon these views, (American Journal of 
Science, July, 1860,) I have remarked that, by ignoring the incandescent 
nucleus as a source of heat, Kefersteiu has exeluded the true exciting 
canse of the chemical changes which take place in the buried sediments. 
The notion of a subterranean combustion or fermentation, as a source of 
beat, is to be re,jected as irrational. 
§ 37. A view identical with that of Kr.ferstein, as to the seat of Yol-
cauic pll0nomena, was soon after put forth by Sir John Herschel, in a 
letter to Sir Charles Lyell, iu 183G, (Proceed-ings of the Geological Society 
of London, ii, 548.) Starting from tllc suggestion of Scrope andBabbage, 
that the isothermal borizons in the earth's crust mu~t rise as a conse-
quence of the accumulation of sediments, he insisted that deeply-buried 
~trata will thus become crystallized by heat, and may eventually, with 
tlleir included water, be raised to the melting point, by which process 
gases would be generated, and earthqnakes and volcanic eruptions follow. 
At the same time the mechanical disturbance of the equilibrium of pres-
sure, consequent upon a transfer uf sedimentH, while the yielding surface 
repose~ on matters partly liquified, will explain the moyements of eleva-
tion and subsideuce of the earth's ernst. Herschel was probably ignorant 
of the extent to which his views bad been anticipated hy Keferstein; and 
the suggestions of the one and the other seemed to have passed unnoticed 
by geologists until, in 1\Iarch, 1858, I reproduced them in a paper read 
before the Canadian Institute, (Toronto:) being at that time acquainted 
·with IIerschel's letter, but not having met with the writings of Refer-
stein. I there considered the reactions which would take place under 
tlle influe11ce of a high temperature in sediments permeated 'vith water, 
and containing~ besides silicious and aluminous matters, carbonates, sul-
phates, chlorides, and carbonaceous substances. From these, it was 
shown, might be produced all the gaseous emanations of ,~oJcanic dis-
tricts, while from aqueo-igneons fusion of the various admixtnres might 
result the great yariety of erupti\Te rocks. To quote the words of my 
paper just referred to: "\Vc conceive th~~~ the earth's solid crust of 
anhy<lrons and primitive igneous rock is eYerywbere deeply concealed 
beneath its own ruins, which form a great mass of sedimentary strata, 
permeated by water. ~£\s heat from beneath invades these sediments, it 
produce~ in them that change which constitutes normal metamorphism. 
Tl10se rocks, at a sufficient depth, are necessarily in a state of igneo-
aqueons fusion; and in the event of fracture in the over1yiug strata, 
may rise among them, taking the form of eruptive rocks. vVhen the 
nature of the sediments is such as generate great amounts of elastic 
:fluids by their fusion, earthquakes and volcanic eruptions may result, 
and these-other things beiug equal-will he most likely to occur under 
the more recent formations.'~ ( Vanadian Journal, l\1:ay, 1858, vol. iii, p. 
207.) 
§ 38. The same views arc insisted upon in a paper "On some points in 
Chemical Geology." (Quarterly Journal of the Geological Society, Lon-
don, November, 185!), vol. xv, page 5D4-,) and have since been repeatedly 
put forward by me, with further explanations as to what I haYe designated 
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above, the ruins of the crust of anhydJ·ous and primitive igneous rock. This, 
it is conceived, must, by contraction in cooling, have become porous and 
permeable, ior a consideral>le depth, to the waters afterward precipitated 
upon its surface. In this way it was prepared alike for mechanical disin-
tegration, and for the chemical action of the acids, which, as shown in§ lG, 
must lmve been present in the air and the waters of the time. It is, more-
over, not improbable that a yet unsolidified sheet of molten matter may 
then have existed beneath the earth's crust, and may ba.ve intervened in 
the volmmic phenomena of that early perio<l, contributing, by its extra-
vasatiou, to swell the vast amount of mineral matter then brought within 
aqueous and atmospheric influences. The earth, air, and water thus made 
to react upon each other, constitute the first matter fi:·om which, by 
mechanical and chemical transformations, the whole mineral wol'l<l known 
to us has been produced. 
§ 39. It is the lower porti@ns of this great disintegrated and water-im-
pregnated mass which form, according to the present hypothesis, the 
semi-liquid layer supposed to intervene between the outer solid crust 
and the inner solid and anhydrous nucleus. In order to obtain a correct 
notion of the condition of this mass, both in earlier and later times, two 
points must be especially considered, the relation of temperature to depth, 
and that of solubility to pressure. It being conceded that the increase 
oftemverature in descending in the earth's crust is due to the transrnis-
siJOn all(l escape of heat from the interior, Mr. Hopkins showed mathe-
matically that there exists a constant proportion between the effect of 
internal heat at the surface and the rate at which the temperature in-
creases in descending. Thus, at the present time, while the mean tem-
perature at the earth's surface is augmented only about one-twentieth of 
a degree Fahrenheit, by the escape of heat from below, the increase is 
found to be equal to about one degree for each sixty feet in depth. 
If, however, we go back to a period in the history e..f our globe when the 
heat passing upwards through its crust was sufficient to raise the super-
:fi.cial temperature twenty times as much as at present, that is to say, 
one degree of Fahrenheit, the augmentation of beat in descending would 
be twenty times as great as now, or one degree for each three feet in 
depth, (Geological Journal, viii, 59.) The conclusion is inevitable that a 
condition of things must have existed during long periods in the history 
of the cooling globe when the accumulation of comparatively thin layers 
of sediment would have been sufficient to give rise to all the phenomena 
of metamorphism, vulcanicity, and movements of the crust, whose origin 
Herschel bas so well explained. 
§ 40. Coming, in the next place, to consider the influence of pressure 
upon the buried materials derived from the mechanical and chemical dis-
integration of the primitive crust, we find that by the presence of heated 
water throughout them, they are placed under conditions very unlike 
those of the original cooling mass. vVhile pressure raises the fusing 
point of such bodies as expand in passing into the liquid state, it depresses 
that point for those which, like ice, contract in becoming liquid. The 
same principle extends to that liquefaction which constitutes solution; 
where, as is with few exceptions the case, the process 1s attended with 
·Condensation or diminution of volume, pressure will, as shown by the ex-
periments of Sorby, augment the solvent power of the liquid. Under the 
influence of the elevated temperature, and the great pressure which pre-
vail at considerable depths, sediments should, therefore, by the effect of 
the water which they contain, acquire a certain degree of liquidity, ren-
deringnot improbable the suggestion of Scheerer, that the presence of five 
.or ten per cent. of water may suffice, at temperatures approaching red-
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ness, to give to a granitic mass a liquidity partaking at once of the charac-
ter of an igneous and an aqueous fusion. The studies by J\Ir. Sorby of 
the cavities in crystals haYe led him to conclude that the constituents 
of granitic and trachytic rocks have crystallized in the presence of liquid 
water, under great pressure, at temperatures not above redness, and con-
sequently very far below that required for simple igneous fusion. The 
intervention of water in gi ving.liq nidity to lavas, has, in fact, long been 
taught by Scrope, and notwithstauding the opposition of plutonists like 
Durocher, Fournet, and Riviere, is now very generally admitted. In 
this connection, the reader is referred to the GeologicalJlfagazine for Feb-
ruary, 1868, page 57, where the history of this question is discussed. 
§ 41. It may here be remarked that if we regard the liquefaction of 
heated rocks under great vressure, and in presence of water, as a pro-
cess of solution rather than of fusion, it would follow that diminution 
of pressure, as supposed hy :Mr. Scrope, would cause not liquefaction, 
but the reverse. The mechanical pressure of great accumulations of 
seuiment is to be regarded as co-operating with heat to augment the 
solvent action of the water, and as being thus one of the efficient causes 
of the liquefaction of deeply-buried sedimentary rocks. 
§ 42. That water intervenes not only in the phenomena of volcanic 
eruptions, but in the crystallization of the minerals of eruptive rocks, 
which have been formed at temperatures far below that of igneous fusion, 
is a fact not easily reconciled with either the first or the second hypoth-
esis of volcanic action, but is in perfect accordance with the one here 
maintained, which is also strongly supported by the study of the chem-
ical composition of igneous rocks. These are generally referred to two 
great divisions, correspondiug to what have been designated the trachy-
tic ~tnd pyroxenic types, (§ 27 ,) and to account for their origin, a separa-
tion of a liquid igneous mass })eneath the earth's ernst into two layers 
of acid and basic silicates was imagined by Phillips, Durocher, and 
Bunsen. The latter, as is well known, has calculated the normal com-
position of these supposed trachytic awl pyroxenic magmas, and con-
ceives that from them, either separately or by admixture, the various 
eruptive rocks are derived; so that the amounts of alumina, lime, mag-
nesia, and alkalies sustain a constant relation to the silica in the rock. 
If, however, we examine the analyses of the eruptive rocks in Hungary 
and Armenia, made by Streng, and put forward in support of this view, 
there will be found such discrepancies between the actual and the cal-
culated 'results as to throw grave doubts on Bunsen's hypothesis. 
§ 43. Two things become apparent from a study of the chemical na-
ture of eruptive rocks: first, that their composition presents such varia-
tions as are irreconcilable with the simple origin generally assigned to 
them; and second, that it is similar to that of sedimentary rocks whose 
history and origin it is, in most cases, not difficult to trace. We have 
already pointed out(§ 27) how the natural operation of mechanical and 
chemical agencies tends to produce among sediments a separation into 
two classes, corresponding to the two great divisions above noticed. 
From the mode of their accumulation, however, great variations must 
exist in the composition of the sediments, corresponding to many of the 
varieties presented by eruptive rocks. The careful study of stratified 
rocks of aqueous origin discloses, in addition to these, the existence or 
deposits of basic silicates of peculiar types. Some of these are in great 
part magnesian; others consist of compounds like anorthite and labra-
dorite, highly aluminous basic silicates, into which lime and soda enter, 
to the almost complete exclusion of magnesia and other bases; while in 
the masses of pinite or agalmatolite rock we have a similar aluminous 
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silicate, in which lime and magnesia are wanting, and potash is the pre-
dominant alkali, (§ 28.)· In such sediments as these just enumerated 
we find the representatives of eruptive rocks like peridotite, phonolite, 
leucitophyre, and similar rocks, which are so many exceptions in the 
basic group of Bunsen. As, however, they are represented in the setli-
ments of the earth's crust, their appearance as exotic rocks, consequent 
upon a softening and extravasation of the more easy liquefiable 8trata 
of deeply-buried formations, is readily and simpl.Y explained. 
§ 44. In this connection a few words may be said about the popular 
notion which makes granite the substratum of all stratified formations, 
and eYen identifies it with the supposed primitive crust of the globe. 
That this crust is everywhere concealed beneath its own ruins, and, more-
over, that its composition must have been very different from granite, 
we have endeavored to explain,(§ 16.) The Laurentian, the oldest known 
system of rocks, includes in its vast volume great interstratified masses 
of gneiss, often closely resembling granite, and it is extremely probable 
that these, softened and extravasated, may form the eruptive granites 
which break through more recent systems of strata. These granitic 
gneisses are, however, clearly stratified, and hold, moreover, intercalated 
beds of quartzite and of limestone, often of great volume, and including 
the remains of an animal organism-the Eozoon Canadense. The pre-
dominance of feldspar, which gives the granitic character to the alumi-
nous rocks of early periods, has already been explained in § ~!) as result-
ing from the great abundance of combined alkalies in these ancient 
rocks. The preRence of quartz, an essential element alike in gneiss and 
granite, would suffice to show that granite is in all cases a secondary or 
derived rock, formed under aqueous influences-even had Sorl>y not 
shown that the minute crystal-cavities in the quartz of granitic rocks 
contain liquid water which must have been introduced at the time of 
crystallization. Quartz has not only never been met with as a result of 
·igneous fusion, but it is clearly shown "By tile experiments of Rose that a 
heat even much less than that required for the fusion of quartz destroys 
it, changing it into a new substance, which differs both ill chemical and 
physical properties from quartz. We have pointed out in§ 16 the chemi-
cal process by which it may be supposed that silica was set free from 
the primitive silicated mass, under conditions which would permit its 
conversion into quartz. 
§ 45. The rocks mentioned in preceding sections are, as regards their 
geognostical relations, divided into stratified or indigenous and erupted 
or exotic rocks, the latter being looked upon as the results of the soft-
ening and displacement of the former. Besides these, it is necessary to 
distinguish a third kind of rock-masses, which, like the latter, occupy 
fissures in previously-formed rocks, but are unlike them in origin, and 
have been deposited from aqueous solutions. The most familiar form of 
these is met with in the vein-stones of quartz, calcite, barytine, and fluor, 
which are often the gangue of metallic ores. A careful study of the 
various kinds of veins and their relations leads us, however, to admit 
that almost all the mineral species which occur in the preceding classes 
of rocks may exist in vein-stones, whieh, from the mode of their produc-
tion, we have designated endogenous rocks. Calcareous veim; in the 
Laurentian rocks may contain all the mineral species of indigenous lime-
stones, and quartzo-fe.Idspathic veins are made up of aggregates which 
are familiarly designated as granites. To these, in fact, belong all those 
so-called granitic veins which are marked by containing fine crystal1i-
zations or rare mineral species. vVhen, .as is often the case, these marks 
• 
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~:re wanting it is sometimes difficult to distinguish in hand-specimens 
between indigenom;;, exotic, and endogenous granites. 
§ 4G. The deposition of tbei'ie mineral species from solution has doubt-
le~s taken place under considerable degrees of heat and pressure, which 
eould only exist at great depths in the e<.L!'th's crust. ''Vaters charged 
with mineral elements by percolation through deeply-seated strata rise 
through fissures in these and deposit along the channels their dissolved 
matters, a process not so much the result of cooling as of that decrease 
of solvent power which must follow the diminution of pressure in accord-
ance with Sorby's conclusions.* 1' 
§47. As pointed out in §17, the first precipitates from thewaterofthe 
primeval sea must have contained oxidized compounds of most of the 
heavy metals. These early deposits, hy mechanical division or by solu-
tion, became subsequently diffused, and entered into the composition of 
later sedimentary strata. Hemoved from these by watery solution, the 
metallic compounds have been, in difl'erent ages, brought to the surface 
to be d~: posited in some cases as oxides or carbonates, or reduced by the 
action of organic matters to the state of sulphurets or native metals, and 
mingled with the contemporaneous seuimeuts in beds or in disseminated 
grains. During the sulJsequent alteration of the strata, these metallic 
matters, being taken into solution, have been re-deposited in fissures in 
the rnetaliiferous strata, forming veins, or, ascending to higher beds, have 
given rise to metal-bearing veins in strata not themselves metalliferous. 
Tl.re metals of the sedimentary rocks are now, however, for the greater 
part, in the form of insoluble sulphurets, so that we haye only traces of 
them in a few mineral springs, which serve to gi.Ye a faint notion of the 
agencies at one time at work in the sediments and waters of the earth's 
crust. Like the iron, (§ lD) these metals haYe been in great part with-
drawn from t11e terrestrial circulation. The frequent occurrence of these 
metals in waters which are alkaline from the presence of carbonate of 
soda, is significant, when taken in connection with the metalliferous 
character of certain dolomites, which prolJabJy owe their origin to the 
action of similar alkaline springs upon basins of sea-water, (§~0.) The 
intervention of intense heat an<l fusion or sublimation to explain the 
origin of metallic ores is uncalled for. The solvent powers of water 
and of various saline, alkaline, and sulphnretted solutions at high tem-
peratures, in connection with the notions above enunciated, will suffice to 
form the basis of a rational theory of metallic deposits.t 
§ 48. The consideration of the nature and origin of endogenous rocks 
has led to a digression to discuss the theory of metalliferous veins, which 
the phtu of this essay did not permit us to treat before. We now resume 
the liue of inquiry followed from § 36 to § 43, and proceed to consider the 
phenomena of volanoes and earthquakes in accordance with the notions 
already put forward. 
Violent movements of the earth's crust are confined to certain regions 
of the globe, which are at the same time characterized by yolcanic 
*Of this a remarkable example was afforded. in 1866 at Goderich, in Ontal'io, where, 
at a, depth of 1,000 feet, a bed of rock-salt wan met, from which for a time a satnrateu 
or rather snp<:rsatnrate1l hriue was outained. As an evidence of this, I saw a cube of 
pure salt, oue-fonrth of an inch iu diameter, which hacl formed upon and. aronnd a pro-
jectin~ point of au iron valve in the pump, :tbO\'e the surface of the ground. The liquid. 
beneath a pressure of 1,000 feet of brine, eqnal to about 1,200 feet of water, or ~~6 at-
mosphNes, having taken np more salt than it could hold at the oruinary pressure, de-
posited :t portion of it as it reached the surface, and ::wtnally obstructed. thereby the 
action of the pump. After a few months of pumping, however, the well ceased to afford 
a fully saturated brine. 
t American Journal of Science, [2,] xxxi, 405, aml xl, 213. 
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activity; from which it is reasonably inferred that the phenomena of 
earthquakes and volcanoes haye a common origin. The discharge 
through openings in the earth's crust, of ignited stony matter, generally 
in a fused. condition, and the disengagement of various gases and vapors, 
accompanied by movements of elevation or subsidence of considerable 
areas of the earth's surface, sometimes rapid and paroxysmal, and at-
tended with great vibratory movements, are evidences of a yielding crust 
of solid rock resting upon an igneous and fluid mass below. To the 
same conditions are also to be ascribed the slow movements of portions 
~of the earth's surface, shown in the rise and fall of continents in regions 
remote from centers of volcanic actiYity. The unequal tension of the 
yielding crust and the sudden giving way of the overstrained portions 
are probably.the immediate cause of earthquake phenomena; the seat 
of these, according to the deductions of Mallet, is to be found at depths 
of from seven to thirty miles from the surface. 
§ 49. A brief description of the phenomena of volcanoes will here be nec-
essary. Volcanoes are openings in the earth's crust through which are 
discharged solid, liquid, and gaseous matters, generally in an intensely 
heated condition. Sometimes the ejected mwterial is solid, and consists 
of broken, comminuted rock, or the so-called volcanic ashes. Oftener, 
however, it is discharged in a more or less completely fused condition, 
constituting lava, which is sometimes fluid and glassy, but more fre-
quently pasty and viscid, so that it, flows slowly and with difficulty. 
The ejected materials, whether liquid or solid, build up volcanic cones 
by successive layers-a fact which bas been established by modern 
observers in opposition to the notion come down frcm antiquity, that 
volcanic hills are produced by an uprising or tumefaction of previously 
horizontal layers of rock by the action of a force from beneath. First 
among the gaseous products of volcanoes is watery vapor; water ap-
pears not only to be involved in all volcanic eruptions, but to be inti-
mately combined with the lavas, to which, as Scrope has shown, it helps 
to give liquidity. The water at this high temperature is retained in 
combination under great pressure, but as this pressure is removed passes 
into the state of vapor, a process which explains the swelling up of lavas 
and their rise in the craters of the volcanoes. Besides watery vapor, 
carbonic and hydrochloric acid gases, and hydrogen, both free and com-
bined with sulphur and with carbon, are products of volcanoes. The 
combustion of the inflammable gases in contact with air sometimes 
give rise to true burning mountains-a name which does not properly 
belong to such as give out only acid gases, steam, and incandescent 
rocky matters, which are incombustible. 
§50. The escape of elastic fluids from lavas gives to them a cellular 
structure, but when slowly cooled under pressure, as seen in the dykes 
traversing the flanks of volcanoes, the stony materials assume a more 
solid and crystalline condition, and resemble the older eruptive rocks 
found in regiom; not now volcanic. These include granites, trachytes, 
dolerites, basalts, &c., and are masses of rock which, though extrava-
sated after the manner of lavas, became consolidated in the midst of 
surrounding rocks, and consequently under considerable pressure,(§ 37.) 
Their presence marks either the lower portions of volcanoes whose 
cones have been removed by denudation, or outbursts of liquefied rock 
which never reached the surface. The escape of such matters, and the 
formation of volcanic. vents, are but accidents in the history of the 
igneous action going on beneath the earth's surface. We shall, there-
fore, regard the extravasation of igneous matter, whether as lava or 
ashes at the surface, or as plutonic rock in the midst of strata, as, in its 
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wider sense, a manifestation of Yulcanicity, and for the elucidation of our 
subject consider both those regions cbaracterize<l by great outbursts of 
plutonic rock in former geologic periods and those now the seats of vol-
canic activity, which, in these cases, can generally be traced back some 
distance into the tertiary epoeh. To begin '"ith the latter, the first and 
most important is the great continental region 'vhich mrry be described 
as including the Mediterranean and Aralo-Cnspian basins, extending· 
from the Iberian Peninsula ea~tward to the TLian-Chau l.Hountains of 
Central Asia. In this great belt, extending over about ninety degrees 
of longitude, are included all tlw historic volcanoes of the ancient world, 
to which we must add the extinct Yolcanors of Murcia, Catalonia, Au-
vergne, the Vivarais, the Eifel, Hnngary, &c., some of which have pro-
bably been active during the human period.~~ 
Besides the great region just indicated, must be mentioned that of 
our mvn Pacific slope, from Fuegia to Alaska, from whence, along the 
eastern shore of Asia, a line of Yolcanie acti vit:r extends to the terrible 
burning mountains of the Indian archipelago. Volcanic islands nre 
widely scattered over the Pacific basin, and volcanoes burn amid the 
thick-ribbed ice of the Antarctic continent. The Atlantic area is in like 
manner marked hy volcanic islands from Jan l\fayen and Iceland to the 
Canaries, the Azores, and the Caribbean Islands, and southward to 
Ascension, St. Helena, and Tristan <l'Acuuha. 
§ 51. The continents, with the exception of the two areas already 
defined, present no evidences of modern 'Tolcanic action, an<l the reg.ious 
of ancient volcanic activity, as shown by the presence of great out-
bursts of eruptive rocks, are not less limited and circmnseribed. In 
northern Europe the chain of the Ur;tls, an area in eentra.l Germany, 
and one in the British Islan(ls are 8pparent, and in N ortll America 
there appear to have been but two volcanic regions in the paleozoic 
period-one in tlle basin of Lake Superior, alHl auotller, which may be 
described as occurring along either si<le of the Appalachian chain to the 
northeast, including the valleys of the lower St. Lawrence, Lake Cham-
plain, tbe Hudson and Connecticut l{ivers, nnd extending still further 
southward. The study of the various eruptive rocks of this region 
shows that volcanic activity in different parts of it was prolonged from 
the beginning of the paleozoic period till after its close. 
§ 52. The theory of Keferstein and Herschel, explained in § 37, shows 
in what manner volcanic phenomena may be directly dependent on the 
accumulation of sedimentary strata. It has already been shown that 
both temperature and pressure combine to produce in the lower portions 
·)fIt is a most significant fact that this region is nearly co-extensive with that occupied 
for ages uy the great civilizing races of the world. From the plateau of Central Asia, 
throughout their westward migration to the pillars of Hercules, the Indo-European 
nations 'vere familiar with the volcano ancl the earthquake; and that the Semitic race 
were not strangers to the same phenomena, the whole poetic imagery of the Heurew 
Scriptmes bears ample evidence. In the language of their writers, the mountains are 
molten, they quake aucl fall down at the presence of the Deity, when the melting :tire 
burneth. Tl.Je fury of His wrath :is poured forth like fire; lie toncheth the hills and 
they smoke; while fire and sulphur come clown to destroy the tloomed cities of the 
plain, whoso foundation is a molten flood. Not less does the poetry and the mythology 
of Greece aucl Rome bear the impress of the nether realm of fire in which tho volcano 
and the earthquake have their scat, and their influence is conspicuous throughout the 
imaginative literature and the religious systems of the Imlo-Emopean nations, whose 
contact with these terrible manifestation13 of unseen forces beyon<l their foresight or 
control could not fail to act strongly on their moral and intellectual development, 
which would have doubtless presented very different phases had the early home of 
these races been the Australian or the eastern side of the American continent, where 
volcanoes are unknown ancl the earthquake is scarcely felt. (From a lecture befo1·e 
the Amer. Geographical Society, April, 1869.) 
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of the sedimentary material a condition of igneo-aqueous fusion. It 
·would be foreign to our plan to discuss in this place the agencies which, 
from early geologic periods, have been effecting the transfer of sedi-
ments, alternately wasting and building-up continents. One, however, 
requires notice in this connection, namely, the contraction of sediments 
consequent upon chemical changes, as already explained in § 34, which 
must result in subsidence. Such an effect may also result from the ex-
travasation of great volumes of liquefied rock, and in either case the 
depressed portion of the surface becomes a basin, in which sediments 
may su bseqnently accumulate, an("l b;y their weight upon the yielding 
stratum be11eath continue the process of subsidence. 'Vhile the lower and 
more fusjble strata becomes softened, the grea,t mass of the more silicious 
rocks, losing their porosity, become cemented into a comparatively rigid 
mass, and finally, ns a result of the earth's contraction, or to counter-
balance the depression of some other region, are uplifted as a hardened 
and corrugated continental mass, from whose irregular erosion results 
a mountainous region.* . 
§ 53. Those strata which, from their composition, yield, under the 
conditions just described, the most liquid products, are, it is conceived, 
the source of aU plutonic and volcanic rocks. Accompanied by water, 
and by difficultly coercible gases, they are either forced among the fis-
sures which form in the overlying strata, or find their way to the sur-
face. The variations in the composition of laYas and their accompanying 
gases in different regions, and even from the same vent at different 
times, are strong confirmations of the truth of this view. As explained 
in § 39, the semi-liquid layer of water-impregnated material constitutes 
a plastic bed, upon which the stratified sediments repose. These, by their 
irregular distribution over different portions of the earth, determined, 
after a lapse of time, in the regions of their greatest accumulation, vol-
canic and plutonic phenomena. It now remains to show the observed 
reTa.tion of these phenomena, both in the earlier and later times, to great 
accumulations of sediment. 
§ 54. If we look at the North American continent, we :find along its 
northeastern portion evidences of great subsidence and an accumulation 
of not less than 40,000 feet of sediment along the line of the Appalachi-
ans from the Gulf of St. Lawrence southward, during the paleozoic 
period, and chiefly, it would appear, during itS' earlier and later portions. 
This region is precisely that characterized by considerable eruptions of 
plutonic rocks during this period, an,d for some time after its close. To 
the westward of the Appalachians, the deposits of paleozoic sediments 
were much thinner, and in the Mississippi valley are probably less 
than 4,000 feet in thickness. Conformably with this, there are no traces 
of plutonic. or volcanic outbursts fi·om the northeast region just men-
tioned throughout this vast paleozoic basin, with the exception of the 
region of Lake Superior, where we find the early portion of the paleozoic 
age marked by a great accumulation of sediments, comparable to that 
occurring at the same time in the region of New England, and followed 
or accompanied by similar plutonic phenomena. Across the plains of 
northern Russia and Scandinavia, as in the Mississippi valle,y, the 
paleozoic period was represented by not more than 2,000 feet of sedi-
ments, which still lie undisturbed, while in the British Islands 50,000 
feet of paleozoic strata, contorted and accompanied by igneous rocks, 
* For a discussion of this subject and the theory of mountains, including the views 
of Professor James Hall, see the author on American Geology, American Journal of 
Science, [2] xxi, 406. · 
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attest the connection between great accumulation and plutonic phe-
nomena. 
§ 55. Coming now to modern volcanoes, we find them in their great.est 
activity in oceanic regions, where subsidence and accumulation are still 
going on. Of the two continental regions already pointed out, that 
along the Mediterranean basin is marked by an accumulation of meso-
zoic and tertiary sediments, 20,000 feet or more in thickness. It is eYi-
dent that the great mountain zone, which includes the P,vrences, the 
Alps, the Caucasus and the Himalayah,. was, during the later second-
ary and tertiary periods, a basin in which vast accumulations of se<li.-
ments were taking place, as in the Appalachian belt during the paleozoic 
times. Turning now to the other continental region, the American 
Pacific slope, simihtr evidences of great accumulations during the same 
periods are found throughout its whole extent, showing that the great 
Pacific mountain belt of North and South America. with its attendant 
volcanoes, is, in the main, the geological equivalent or counterpart of 
the great east and west belt of the eastern world. 
It is to be remarked that the volcanic vents are seldom immediately 
along the lines of greatest accumulation, but appear around and at cer-
tain distances therefrom. The question of the duration of volcanic 
activity in a given region is one of great interest, which cannot, for 
want of time, be considered here. It appears probable that the .Q'reat 
manifestations of volcanic force belong to the period of depression of 
the area of sedimentation, if we may judge from the energy and copi-
ousness of the eruptions of island volcanoes, although the activity is 
still prolonged after the period of elevation. 
As regards the geological importance of volcanic and earthquake 
phenomena, their significance is but local and accidental. Volcanoes 
and earthquakes are and always have been confined to limited areas of 
the earth's surface, and the products of volcanic action makeup but a 
small portion of the solid crust of the globe. Great mountains and 
mountain chains q,re not volcanic either in their nature or their origin, 
though sometimes crowned by volcanic cones; nor are earthquakes and 
volcanoes to be looked upon as anything more than incidental attend-
ants upon the great agencies which are slowly but constantly raising 
and depressing continents. 
ON THE ELECTRICAL CURRENTS OF THE EARTH. 
BY CARLO MATTEUCCI. 
[T1·anslated for the Smithsonian Institut-ion, frmn the "Memoirs* of the Italian Society of 
Sciences founded by Anton Mario Lorgna."] 
The object of this memoir; is to describe a long series of experiments, 
commenced in 1863 and only inte'l'rnpted by brief intervals, on the phe-
nomena called electric currents of the earth, meaning by those words the 
electric currents which circulate in a mixed circuit formed of a metallic 
line and of a terrestrial stratum, and which do not depend on causes 
known and existing either in the metallic part of the circuit or in its 
extremities communicating with the ground. The conclusions arrived 
at in this inquiry d.o not comprise, to any great extent, an explanation 
of these currents founded on a known physical theory, or the thorough 
knowledge of the laws of the phenomena. We trust, however, that the 
results obtained are of sufficient importance and exactness to recom-
pense the long and persevering efforts which were necessary to obtain 
them. vVe hope also to be pardoned by any one who shall undertake 
seriously to study this subject, if we have not carried these researches 
to such a point as might be desired, since it must appear evident from 
the experiments made that t.he means requisite to extend and complete 
them exceed the resources of a private individual. 
HISTORICAL PART. 
Even from the time when the galvanometer was discovered-that is 
to say, shortly after the celebrated experiments of Oersted and Ampere-
phenomena of electrical currents are cited as having been obtained by 
introducing the extremities of the ihstrument into different points of a 
terrestrial stratum. 
We believe that Fox was the :first who obser-ved the deviation of the 
needle of the galvanometer, on inserting the copper points attached to 
the ends of the wire of this instrument in various places of a mineral 
vein of copper. Becquerel, soon after Fox, published a long series of 
experiments on the electric currents, which he obtained by sinking the 
electrodes of the galvanometer ~n earth taken in different conditions of 
humidity and of composition. 
It is scarcely necessary to say that all these experiments were but 
different cases of the general principle of the galvanic pile; that is to 
say, of heterogeneity in the metallic laminm in contact with the ground 
and the liquids with which the ground was imbued at the points in 
contact with the electrodes. It would be easy, even supposing the em-
ployment of homogeneous electrodes, by which electric currents are not 
produced through their immersion in water, to exhibit distinct signs of 
electric currents by using liquids of different chemical composition or 
of different temperature in contact with the electrodes. This would be 
* Serie terza: Tomo I, Partei.-Firenze, 1867. 
.. 
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a manner of repeating, by using the earth as an intermediate conductor, 
the experiments tried, especially by N obili, many years ago, on the 
reciprocal chemical actions of different liquids. The same ma,y be said 
of electric currents obtained with electrodes in which may be formed the 
so-called secondary polarizations. 
These different modes of obtaining electric currents in a mixed circuit 
haYc nothing to do with the study in which we are engaged, if not on 
account of the -very important and indeed indispensable kno·wledge of 
the causes of error which are apt to intrude into the experiments by 
which we seek to discover and to study the electric currents of the 
earth, independently of those causes. 
I believe that the first case of electric currents proper of the earth, 
which may be called, as has been done by Airy, spontt.:tneous terrestrial 
electric C'llrrent~-at any rate, if not the first observed, certainly the first 
described and published-was that which was discovered on the night 
of the 17th of November, 1847, at Pisa, by means of the telegraphic 
wires, and which was described in a letter directed to .A.rago and pub-
lished in the Com1Jtes-1·endus of the Academy of Sciences of Paris. This 
fact consisted in the existence of an extraordinary electric current which 
circulated with such intensity and constancy as to keep the armatures 
of the electro-magnets of the apparatus in a state of attraction during 
the whole time that a magnificent aurora borealis was apparent in the 
heavens. The same pheRornenon was soon afterwards observed in the 
United States, and since tbat epoch the observations have been freq~ut 
of electric currents in the wires of the telegrapll associated \;fith the 
appearance of the aurora. \Vhen it is considered that we know, ou the 
other halHl, the coustaut relation which exists between the aurora 
borealis and the indications shown by the instruments which serve to 
measure the magnetic force of the earth, it is impossible not to recog-
nize all the importance of these studies. And in fa{(t, after these 
obserYations, there was no delay in directing special researches to the 
existence of electric currents of the earth and their laws, independently 
of the apparitions of the aurora borealis. 
We must be content, on the present occasion, with briefly referring 
to the researches made pre-viously to our own, aud which are due to 
Baumgarten, Barlow, Lloyd, and Walker, but especially to Lamont, 
who, beyond the rest, has extended and varied these investigations. 
Whoever has studied the memoirs of these observers with the attention 
due to the importance of the su"Qject, and to the authority of their 
authors, will find it difficult to avoid the conclusion that the nl:lcertaiu 
results obtained, results so little accordant among themselves, are prin-
cipally attributa,ble to the method of experimenting and to the disturbing 
causes necessarily introduced by that method. Tile greater part of the 
experiments were executed with telegrapllic circuits, and therefore wi.th 
a metallic line establislled in conjunction with other metallic lines 
worked for the purpose of correspondence, and traversed by the electric 
currents of the offices at the moment of the experiment. We know 
that the wires of telegrapllic liues are never so perfectly insulated fi·om 
one another aml from the earth that there shall not be signs of the 
current in the lateral wires wben the circuit is closed with one of the 
same wires. 1\-foreover, the communications of the metallic lines with 
the earth are now made with a, lamina of copper immersed in pits, the 
wires being at one time connected with the iron tubes of pumps, at 
another with iron raHwa:rs. In the memoirs which we have referred to 
there is generally no iildication of the mode in which the lines were 
constructed, nor as regards their insulation or their connection with the 
14 s. 
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earth. Nor in most cases are we informed whether or not the numbers 
reported were obtained by experiments made, as is quite probable, at 
the time when the lines were in service for telegraphic correspondence. 
It would be useless, we think, to enlarge critically upon the experi-
ments to which we allude or the results obtained. To such criticism 
a distinguished Swiss physicist, M. Dufour, of Lausanne, has lately 
devoted himself, and we content ourselves with citing, in his own words, 
the conclusion to which he has arrived: ''It is quite evident that if 
researches are to be undertaken respecting the electric currents of the 
earth, offering any solid guarantee of exactness, it is necessary to employ 
special lines and such as are absolutely independent of the telegraphic 
reticulation." 
Among our predecessors in thf\se researches, Lamont alone seems to 
have bestowed some previous attention on the method of experimenting 
and on the causes of error incident to the methods followed. lienee 
the eminent astronomer of Monaco confesses that he had not yet found 
in these experiments a point of dep(trture sufficiently secure, and closes his 
memoir with the admission that what he bad published up to that time 
ou.ght to be regardecl only as ctJ few general and. preliminary ind-icat'ions. In 
a word, I do not think it an exaggeration to affirm that it would be 
impossible, from all the researches which I have cited, to draw the 
demonstration of the existence of the phenomenon of an electric current 
which circulates in a metallic line extended along the earth~ and insn-
lated from it, having its extremities sunk in the ground, independently 
of the heterogeneity of the electrodes and of the various causes of error 
introduced into those experiments; meaning by that phrase cam;es 
already known, and which have nothing to do with a proper electric 
stratum of the earth. 
l\fETHOD OF EXPERil\fEN'l'ING. 
The description of this method should embrace the metallic part of 
the mixed circuit, the communications between the extremities of the 
metallic line and the ground, and the instruments used to detect and 
measure the current. 
llfetalUc line.-I will state, in the first place, that none of the experi-
ments describPd in this memoir have been executed upon a wire per-
taining to a telegraphic line composed of several other wires. 'Vhen-
eYer I have used a telegraphic line, it has consisted of a single wire; 
and the. experiments were made either during months when the tele-
graphic service was not conducted by t.hat wire, or at hours when th::tt 
service was known with certainty to be suspended. Before commencing 
the experiment the line was examined throughout its course, and pro-
tected by .the remoyal of any possible contact with the boughs of trees 
or the walls of houses, and by the renewal of the solderings of the 
junctions. The line was formed of the usual iron wire of telegraphic 
connections, 3 or 4 ruillimetres (i of an inch) in diameter. Its extremi-
ties were united to the instruments, and the electrodes sunk in the 
ground by means of a piece of copper wire covered with gutta-percha, 
ii'eshly soldered outside of the telegraphic offices, and all communica-
tion was interrupted between the line and the usual wires entering 
the offices. The insulation of the line was always tested before com-
mencing the experiment, and was always such as not to impart 
during dry days a sensible deviation to a galvanometer of 2,000 coils. 
In many of the experiments which we shall report, a copper wire, 2 
millimetres ( l.,. of an inch) in diameter and covered with gutta-percha, 
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was used; which wire was in some cases stretched upon the ground, 
in others sunk at a slight depth beneath the surface of the eahh, 
but oftenest suspended on slender rods of wood, like those employed 
for field-telegraphs. 
Electrodes.-This is naturally the part of a mixed circuit requiring 
the greatest attention, and I have been able to aYoid causes of error in 
this respect from the assurance, which I had obtained in the experi-
ments of electro-physiology, that electrodes of amalgamated zinc, im-
mersed in a saturated and neutral solution of sulphate of zinc, <lo not 
excite between them an electric current, and do not acquire secondary 
polarities by the passage of a Yoltaic current. 
Tl1e electrodes which I have employed are rectangular plates of lami-
nated zinc, from 6 to 8 centimetres (2t to 3 inches) in width, and from 
12 to 16 (5 to 6 inches) in height, perfectly amalgamated and joined to 
the metallic line by means of a circuit-breaker with two holes, into one 
of which enters the wire and into the other the extremity of a projec-
tion on the plate of zinc. This plate is immersed in a saturated and 
neutral solution of sulphate of zinc, contained in a porcelain cylinder 
like that of Grove's battery. In the selection of these cyljnders eare 
must be taken to reject those which are so porous as to admit too rea(lily 
of the percolation of the liquid. 
The porcelain cylinder thus prepared is immersed in ·well or spring 
water, which should be the same at both extremities. For the reception 
of the water in which the cylinders are ~mnk, I lmYe used different con-
triYances. 8ometimes, after haYing formed in the ground a sort of pit, 
varying in depth from a half metre to t\YO metres, I ha,Te made in the 
bottom of this pit a cavity, shaped like a capsule, from 10 to 12 
centimetres (! to 5 inches) wide, and of such a depth that the por-
celain cylinder, when introduced, should reach with its rim the level 
of the bottom of the pit. Then, in order that the water poured into 
this kind of capsule may not be too speedil~r absorbed by the ground, I 
line the capsule with a stratum of tempered potter's earth, such as is 
used in earthenware manufactures. At other times I have tl.sed flower-
pots, which are sunk in the ground, the earth being compressed around 
the yessel. In some cases, finally, the porcelain c:yliuder was inserted 
and fixed in a large piece of cork, so that the cylinder might remain 
floating on the water of a well, but almost entirely immersed therein; 
the copper wire covered with gutta-percha, which is joined to the plate 
of zinc, is wound aromlCl a small cord, by means of which the floating 
body is made to descend in the well. 
I have made mauy experiments to assure myself of the homogeneity 
of the electrodes thus prepared. It is very easy to obtain this homo-
geneity and to preserve it with porous cylinders. vVe begin by haYing 
a certain number of such cylinders, quite new, and by filling them to 
the same height with a solution of sulphate of ziuc ; we select those 
which do not readily imbibe the liquid or allow it to escape, and im-
merse simultaneously two of those thus selected, after they have been 
well dried with a clean towel, in a vessel filled with the sarue water. In 
this way, even with a galvanometer of 20,000 coils, we promptly find 
the two electrodes perfectly homogeneous. It happens, however, not un-
frequently, that, if the cylinders are left in the water for some time or 
withdrawn and again immersed, a certain ctvrent will be observed to arise 
between them. If the cause of the difference which has thus originated be 
attributable to the plates of zinc, which is the rarer case, it is necessary 
to reamalgamate them ; if, on the other hand, the heterogeneity be due to 
the porcelain cylinders, we must withdraw these from the water, dry 
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them repeatedly with a cloth, and renew the water in which they are 
immersed. To procure homogeneous vases of terra-cotta for containing 
the water in which the porous c;ylinclers are to be immersed is more 
difficult, and in order to succeed we must leave them to imbibe water 
for several clays, and then prove them ; but even then there are scarcely 
to be found, among many, two between \lhich signs of heterogeneity do 
not present themselves. 
In some experiments I have been accustomed to excavate a hole of 
moderate dimensions at the tvm extremities of the circuit, and to fill 
each hole with the same earth, into which the terra-cotta vase '"as then in-
troduced. l\1ost frequently I have satisfied myseli', before commencing 
the experiment, that there was no current between the electrodes, by 
sinking the two vases in t'vo holes of moderate size made in contiguity 
with one another. I have also, whenever it was practicable, reversed 
the position of the two earthen vases and noted the <lifference, if tlwre 
were any, of the deviations obtained in tbe two cases, in order to dis-
cover whether the heterogeneity of the Yases was noticeable, and to 
what extent in the current detected. 
I have sought finally to ascertain whether, in any case, it would be 
possible to substitute for the electrodes which I have deseribed tv,-o 
plates of copper sunk in the ground, which would be much more simp1e 
and convenient; and I have found that, whate-ver might be the state of 
these plates before submitting them to experiment, that is to say before 
. using them, either in a different condition of purity or oxidation as they 
most frequently occur, there was always realized., from the first, with 
the galvanometer of 2,000 coils, a very strong deviation, of which it was 
impossible to foresee the direction. It constantly occurred, however, that, 
on keeping the circuit closed and leaving the plates of copper buried .and 
undisturbed in the earth, tllis de-viation slowly diminished, and aftet 
eighteen or twenty hours became comparatively insignificant. At this 
juncture, it was only necessary to stir slightly one of the plates, or to 
press the contiguous earth, or to throw a little water on the spot where 
the two plates were sunk, in order to excite a deviation, which would 
afterwards very gradually disappear. It was also found that on with-
drawing the plates from the ground, when the deviation had ceased, the 
latter reappeared, if the plates were replaced in the earth either at the 
same or at any other point. It is scarcely necessary to say that when 
a current was made to pass, with electrodes of copper, across the mixecl 
circuit, the effects of secondary polarity were realized. 
In conclusion: there would be no security in the results if, in these 
experiments on the electric current of the earth, electrodes of copper 
were used without the proper precaution ; but by employing those elec-
trodes only after they have been left buried fortwenty-four .hours in the 
earth and with a closed circuit, the proper currents of the earth are ob-
tained with the same de·'dation and the same constancy as with elec-
trodes of zinc, and even with greater intensity; and this probably 
through the greater extension and depth of the electrodes of copper in 
comparison with those of zinc. 
Gnlvcmometer.-Unfortunately I have not been able always to use, in 
thrse protracted experiments, the same galvanometer; nevertheless, iu 
two of the most important series I have constantly used a galvanometer 
of 2,000 coils, with a distinctly astatic system, and which underwent no 
variation in the whole series of experiments. 
\Then I have wished to ascertain the electric state of the atmo-
sphere, I have used a thin wooden rod, 6 or 7 metres, (20 or 23 feet) in 
height. At the upper extremit~r of this rod a porcelain insulator was 
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fixed, which bore a small arm of iron \vith a diminutive pulley. By 
means of a silk thread and of the pulley, I elevated a copper wire cov-
ered with gutta-percha, "\thich, at the upper extremity, \Yas terminated 
by a large uncovered portion coiled spirally, into which I introduced a 
sort of cornet, formed of di,·ers layers of tonch-\\ood, and kindled it at 
the moment of the experiment. The lower extremity of this copper wire 
was united to the ball of an electroscope attached to a dry galvanic 
pile. 
EXPERIMENTS WITH A J\IIXED CIRCUIT OF A LENGTH NOT GREATER 
THAN A KILO~IETRE* IN A HORIZONTAL STRATU~L 
Experiments under these conditions ha,-e been often tried, by placing 
the electrodes of zinc sometimes in contact ; sometimes at distances 
varying from 10 to 20, 50, and 100 metres. It is, in fact, by these ex-
periments which I am accustomed to make previously to undertaking 
those with much longer circuits, that I satisfy myself that there is no 
heterogeneity between the electrodes of zinc formed in tlle manner above 
described. I have been thus enabled many times to ascertain that if 
on such an occasion there was a slight deviation it depended on the 
yases of terra-cotta, and that there was no regularity in the currents 
thus obtained on transporting the vases to different distances within 
the above limits. In fact, the current is sometimes found to increase on 
a wider separation of the vases than to diminish or even disappear, and 
sometimes to an in verse order on the removal of the vases to still greater 
distances. In these cases I have always succeeded in recognizin~ that 
there was a difference in the physical qualities of the ground. Thus a 
current arises if one electrode be placed in a soil charged with loam, 
and the other in an argillaceous soil; and in operating on the sands 
adjacent to the sea, a current supervenes if the electrodes be stationed 
at difterent distances from the beach. But the effects of these differ-
ences of soil are only manifested when in contact with the vases con-
taining the electrodes. Hence, if it be found that a current exists be-
tween two points at a distance of 15 or 20 metres ( ±9 or G6 feet) from 
one another, we may be sure of causing it to cease· by excavating at 
those points two holes, which need not have a diameter of more than one 
metre, (3 feet,) and filling them with the same earth, into which the 
vases with the electrodes are then to be introduced. It is advisable, 
therefore, to pursue this course when operating with mixed circuits at 
great distances, provided it be not previously ascertained, as I have al-
ways attempted to do when practicable, that the deviation remains in-
variable on reversing the position of the electro<les and their vases. In 
order to remove all doubt as to whether the earth in which the electrodes 
were sunk might not influence the results found when the circuits were 
very long, I have been accustomed·to make, at each of the extreme sta-
tions, four or five holes at a distance of 10 or 20 metres (33 or G6 feet) 
one from another, and to proceed forthwith to the proof of homogeneity 
by changing the position of the vases. 
I pass now to a description of the experiments mad~ on such mixed 
circuits as are much longer than those just described, on circuits, namely, 
having the full length of a kilometre, (3,281 feet.) \Vith a view to ex-
periments of this kind, I selected a large, horizontal meadow, adjacent 
to the Arno, and forming part of the Cascine of Florence. The earth of 
tllis meadow, at least to the depth of the 2.3 or 30 centimetres (10 or 12 
inches) requisite for imbedding the vases of the electrodes, possessed 
* Kilometre = 1093.6380 yards. 
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apparently the same physical qualities, being, in fact, an arenaceous 
formation, as is commonly the case in the neighborhood of rivers. The 
electrodes of zinc were placed successively at the distance of half a metre, 
(20 inches,) then of 11 metres, (36 feet,) then of 148, (338 feet,) then of 750, 
(2,461 feet,) then of 1,060, (3,4 77 feet.) At each of these stations I exca-
vated four or five holes, in order to vary in m~ery instance the position 
of the electrodes. The experiments were made by successively adYanc-
jng aml then returning to the same holes; by stretching the skein 
(nwtassa) of copper wire covered with gutta-perclm, in conjunction \Yith 
its head, (?) to one of the electrodes, and then recovering the skein and 
turning back again. The copper wire covered with gutta-percha was at 
one time stretched upon the gronnd, at another suspended upon poles, 
at another buried in the grass. It is superfluous to add that, in making 
these experiments, all the precautions above described were employed, 
in order to obtain and preserve the homogeneity of the electrodes. 
The result obtained from these experiments, many times repeated, 
with every precaution to secure exactness, was that in a, 1nixed circnit, 
for'Jned of a 1netallic line and c~ strat~un of earth, horizontal, or as nec~rly 
so as possible, of a length not greater than a kilometre, (3,281 feet,) ~mder a 
clear sky, and with the air calm,, there is no proper cun·ent of the ea,rth clis-
co,verable with a galvanometer of 2,000 coils. Yet, in a circuit of this 
length, I have noticed, on days of storm and atmospheric disturbance, 
sudden deviations under the action of the electric discharges. 
EXPERIMENTS WI'l'H .A. lVIIXED CIRCUIT, OF THE LENG'l'H OF SIX KIL-
OMETRES, IN A STRATUl\'I NEARLY HORIZON'l'AL. 
\Vith the aid of the corps of engineers, I was enabled to establish on 
the greab plain of San Maurizio, distant 23 kilometres (13~ miles) from 
Turin, a plain set apart for military maneuvers, two mixed circuits, 
each of which consisted of a stratum of earth and of a copper wire, 2 
millimetres (12 of an inch) in diameter, and covered with gutta-percha. 
One of these wires was stretched in the direction of the magnetic merid-
ian, the other in a plane perpendicular to that meridian. Both wires 
had about the same length~ namely, 6,400 metres, ( 4 miles.) The coppPr 
wire was suspended upon small wooden poles, such as are used in field 
constructions of telegraphic lines. At the extremities of the two lines 
a hole was excavated, of a rectangular form, with a depth and length 
of 2 metres, (7 feet,) and a width of 1metre, (3 feet;) in the bottom of 
this hole a cavity, or capsule, such as has been above described, was 
constructed, having a width and depth of 30 centimetres, (1 foot,) aud 
lined with clay, so as to allow no filtration of water. The fonr cavities 
were then filled with the same water, which was that of a copious waste-
pipe of one of the canals which traverse the plain; in thi8 \Vater the 
porcelain cylinders, with the electrodes of zinc, were immersed. 
The first experiments were directed to aJ verification of the equal con-
ductibility of the two mixed lines. It should be premised that the two 
metallic lines, north-south and east-west, were interrupted about mid-
way, and entered at that point into a small chamber, where I had sta-
tioned the galvanometers. In the greater number of the experiments I 
used a galvanometer of 1,500 coils, with an astatic system; uuluekily, 
this iustrument sustained some injuries in being transported, when the 
experiments were finished, to Turin, so as to be no longer capable of 
being operated with. 
To measure the conductibility of the two mixed circuits, I caused the 
current of a good Daniell's battery to pass, first in one, and then in tb~ 
• 
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other, and determined with a rheostat the conductibility of the two cir-
cuits. The difference betw-een the tvi'O was, from the first, Yery 8maH, 
and it was only necessary to excaYate by a centimetre, (-1~ of an inch,) 
or thereabouts, the two holes of the line which had the greater resist-
ance, in order to render both of equal and constant resistance. Proof 
of homogeneity was also maue by filling two large holes, which h~Hl 
been excavated in close contiguity, with the same earth procured in 
forming the holes at the extremities of the bnes. In the holes tlms il.lleu 
I formed the two capsules already described, and introduced therein tlle 
usual electrodes; when these were in operation, h~.t Yiug been first \Yell 
prepared, no current was found on the introduction of the electrodes 
into the holes. 
After these preliminary arrangements I commenced a series of observ .. 
ations which were continued al.wut a month, from the 12th of :March to 
the 15th of April, 1864, being the season generally of clear sh:ie;.; and of 
cool and dry air; there were two or three days of a strong easterly \Yiud 
and one of storm with rain. For the space of ten days the obserYations 
were neYer interrupted night or day, and two soldiers who relien~d on;• 
another were stationed as a guard at each hole. The galYanoweter used 
was one of 1,500 coils and gave a fixed <leviation of 60°, with a D3niell's 
battery introduceu into one of the mixed circuits. 
Tlte following were the results obtaineu from the long series of ob-
servations made in the manner and at the time indicated : 
1. In mixed circuits, formed of a copper wire, and a stratum of earth 
ver;y nearly horizontal and about 6 kilometres ( 4 miles) long, there is 
always an electric current which circulates with intensity and in deter-
minate directions according to the uirection of those circuits in regard 
to the magnetic meridian; this current cannot be absolutely attribt1tecl 
to the heterogeneity of the electrodes, or of the terrestrial strata in eon-
tact with those electrodes. 
2. These currents have an intensity which increases in proportion to 
the depth at which the electrodes are sunk beneath the sud'ace of the 
earth, from 50 centimetres (20 inches) to 2 metres (7 feet.) This greater 
conductibility possessed by the mixed lines in proportion to the depth to 
which the electrodes are sunk, explains the Yariatiou discovered in the 
intensity of the electric currents of the earth under these circumstances. 
This result is in conformity with that which is observed after rain, au<l 
which is due to the greater humidity of the ground in contact with the 
electrodes. 
3. When the cavities in which the electrodes are sunk haYe a depth 
of 2 metres (7 feet) or more, or when the electrodes are immersed in the 
'Tater of wells, the extension of the laminrn of zinc and the diameter 
of the porous vases have little influence on the intensity of the terres-
trin l cnrren ts, 
4. In the circuit extended along the magnetic meridian or south-north, 
the electric current had always a constant direction and an intensHy 
'Yhich varied .-very feebly while manifesting a certain periotl. For a 
month. se\eral hundreds of varied observations showed that the terres-
trial Cllrrent was always directed in the metallic part of the circuit fi'om 
south to north, and that the needle of the galvanometer never became 
fixed at zero nor in the opposite quadrant, and that its oscillations were 
always small and very slow. 
5. On comparing with one another the slightly unequal deviations ob-
tained in nine entire days of constant observation, it results that the 
current in the south-north circuit presents in twenty-four hours t·wo 
maximu and t\YO minima of intensity. Tlle two 1ninima occur, one iu 
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the day, and the other in the night, at very nearly the same hours, 
namely from 11 to 1 o'clock. After 1 o'clock at night the current in-
creases, and fi'om 5 to 7 o~clock in the morning a maximum is noticed ; 
in the day this ma;YJimum oscillates between 3 and 7 o'clock in the after-
noon. The differences between the minimum and maximunt of intensity 
are a litte greater than that between 1 and 2. 
6. In the circuit perpendicular to the magnetic meridian the-results 
are very different and subject to great variations. It frequently occurs 
that the needle is seen to remain at zero, or oscillates to one side or the 
other of that point, moving fi'om 20 to 30 and even to 14o and 15o on 
the same side. The direction of the current most frequently observed 
in this circuit was from west to east in the metallic part. In general 
the needle is never fixed and sometimes executes very wide and rapid 
oscillations. 
7. It was never noticed that the differences of temperature, which 
fluctuated between zero (320 F.) and+ 180 (650 F.) and+ 200 U. (680 F.), 
the varying humidity of the air, or even rain, had any influence on the 
direction of the current existing in the circuit extended along the mag-
netic meridian. · 
8. These results were not varied on changing the position of the 
metallic portion of the circuit-that is, on using the metallic line ex-
tended on the ground or suspended on poles. 
EXPERIMENTS ON MIXED CIRCUITS OF A LENGTH VARYING FRO]f 
200 METRES TO l\fANY KILOl\:IE'l'RES, THE ELECTRODES BEING SUNK 
IN THE GROUND AT A GRJ~ATER OR LESS DIFFERENCE OF ELEVA-
TION. 
The first ex.periments of this kind ·were made on the hill of the Villa 
della Regina, near Turin. The mixed circuit established there was 
composed of an iron wire insulated in the usual manner, and about 600 
metres (1,969 feet) long in a straight line, with a direction intermediate 
between S. E. and N. W.: the two extremities of this wire were united 
to the usual electrodes of zinc sunk in the ground at a difference of 
level of 150 metres (492 feet.) In these experiments also the pits in 
which the electrodes were sunk had been filled with the same earth, 
and the capsules or cavities already described were then formed and 
lined with clay. In some of the experiments, the porcelain cylinders 
and the zinc electrodes were suspended in the water of two wells in the 
manner before stated. 
The experiments have been continued month after month, at different 
seasons of the year, and not rarely the needle of the galvanometer has 
been observed for entire days at very short intervals of time. I lwve 
constantly found in the circuit in qttestion ctn ascending cttrrent in the metal-
lic line, of an intensity which in elear and calm days was constant or 
manifested very inconsiderable oscillatjons. · 
The position of the electrodes w·as ti·equently changed, by placing 
lowermost that which was highest, and vice-versa, yet the current 
never varied in direction, and very slightly in intensity. For a certain 
time the galvanometer used in these experiments was that of 1,500 coils, 
which had served me on the plains of San Maurizio, in the experiments 
with the circuits of 6 kilometres, ( 4 miles,) and the intensity of the current . 
was always found to be much greater than that realized in the circuit 
of 6 kilometres. The ascending hill-current was, with this galYanome-
ter from 200 to 25o, while that realized in the circuit of 6 kilometres, and 
where nonsequently the resistance was much greater, never exceeded 
from 5 to 6 degrees in the line of the magnetic meridian. The intensity 
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of the ascending current was not altered by the substitution of the 
copper wire coyered with gutta-percba for the insnlated iron wire, nor 
"W"ere any differences noticed when the wire was extended on the ground 
covered with grass or with snow. 
I ha·ve seen the intensity of the current increased by placing the 
electrodes in the ground at a depth of 10 centimetres (4 inclJes) below· 
the bottom of a pit from 1 to 2 metres (3 to 7 feet) deep; and while in 
excavations of inconsiderable depth, the ascending current has marked 
from 15° to 1Go, in those much deeper, and in wells, it has indicated 
more than 20°. Wilen the electrodes are in a \ery superficinl stratum 
the deviation is less fixed than when tlJey float in the water of wells. 
In the latter case the deYiation remains constant fi·oru hour to hour, if 
the day is clear and calm, nor is it changed by reversing the position of 
the electrodes in the wells. 
It may, I think, be of use to cite here a series of numbers which 
exhibit the dmriations realized on certain days of J nly, 1RG±, ''"itlt elec-
trodes sunk in excavations having a depth of 2 metres (7 feet.) The 
atmospheric electricity was of moderate intensity and coustautly posi-
ti,-e; tlle sky in part clear, and in part overcast. The gah-anometer 
with which I operated was one of 2,000 r.oils. 
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..S <;_C~ d i~rE~ Day. IIour. l1~~ State of the sky. Da.). II our. State cf the sky. ;;S5::> -~ ~ c~ 





Electricity + abun- 1 
Degrees. 
.July 15 7 a.m. 23 .. .... .July 16 12.20 p.m. 2.3 
7.30 a.m. 
I 
23 to 2G daut: sky ckar, 1 p.m. 25 
7.45 a. 111. 23 to 2G and 270 C., (80o l!'.) 2.30 p.m. 23 
8 a.m. 23 to 2-1 3 p.lll. 19 
8.12 a.m. 22to 2:.! 4.30 p.m. ~lO 
8.U:l a.m. 23 5 p.m. 28 
8.20 a.m. 2-1 5.30 p. Ill. 27 
8.30 a.m. 23 to 24 (i p.m. 28 
9 a.m. 23 to 24 El0c~r~city positive 7 p.m. 27 
9.20 a.m. 23 to 2.) lllllllillUill. 7.30 p.m. 28 
10 a.m. 23 8 p.m. 28 
10.30 a.m. 22 ...... Clouds sparse and 8.30 p.m. 28 
11 a.m. 24 + 27° c. 9 p. JU. I 27 .... Storm. 
11.30 a.m. 24 9.80p.m. 28 
12 m. 23 10.30p. m. 27 
1:.!.30p.m. 25 .July 17 5.30 a.m . 29 .... Fair and calm af-
] p.m. 24 to 25 8 a.m. 30 t Pr the s torm of 
1.30 p. lll. 23 to 24 9 a.m. 34 the night. 
2 p.m. 24 9.15 a.m. 35 
2.30 p.m. 27 9.35 a.m. 35 
3 p.m. 24 10 a.m. 35 
3.1 p.m 23 to24 10.30 a.m. 3·1 
a.30p.m. 28 10.::-o a.m. 33 
4 Jl.lll. 16 11 a.m. :i3 
4.30p.m. 17 11.10 a.m. 34 
5 p.m. 18 11.30 a.m. 33 
6 p.m. 18 11.40 a. ru. 33 
G.30 p.m. 10 12 m. ::n 
7 p.m. 20 12.20p.m. 31 
7.30p.m. 21 to22 EUOp.m. 31 
8 p.m. 22 1.30 p.m. 29 
8.30 p.m. 24 2 p.m. 28 
tl p.m. 20 2.30 p.m. 26 
!J.30p.m. 22 3.30p. m. 25 
10 p.m. 24 4.10 p.m. 24 
10.30p. m. ~5 4.35p. m. 28 
11 p.m . ~5 4.40 p.m. 28 
.July 1!l 4 a.m. 25 5.25 p.m. :27 
7 a.m. 23 to24 o.30 p.m. 28 
9.30 a.m. 25 7 p.m. 25 
10 a.m. 24 7.15p.m. 25 
11 a.m. 25 
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It is impossible to discover in the numbers here reported any relation 
between the intensit;y of the terrestrial current and the hour of the 
day. The augmentation observed at the close of the 16th day, and in 
the morning of the 17th, was probably owing to the rain which fell in 
that interval, and in fact this result never fails to be obtained when we 
sprinkle two or three buckets of water around the electrodes. In the 
first hours of each of the days cited, I assured myself of the homoge-
neity of the electrodes by immersing them simultaneously iu the water 
and from time to time reversing their position. The most important 
precaution is that of frequently ascertaining that the water maintains a 
constant level in the cavities in which are immersed the porcelain cylin-
ders of the electrodes. 
I further report the numbers obtained in one of the observations 
which I conducted with the electrodes suspended in two -vvells, one at 
the top, the other at the base of the hill before mentioned. These num-
bers were obtained with the galvanometer of 1,500 coils. In this exper-
iment the position of the electrodes was twice inverted. 
S·~Q) il~ r::lh M ~ E:;S 
>=Soo ~ oo 
8.e~ roc cr:.~ o~.-Day. Hour. h-:::t) State of the sky. Day. Hour. t:§ ~ State of tho slcy. 
§5S §~S 
:g~~ ~~~ 
·g:~~ ~c§.s H~ .... 
D egrees. D egrr.es. 
July25 12.15 a.m. 32 .... Clear. July 25 2 p.m. 40 
2.24 a.m. 32 2.30p. m. 42 
5.30 a.m. 40 3 p.m. 40 
5.50 a.m. 42 4 p.m. 40 
G.20 a.m. 42 5 p.m. 40 
7.45 a.m. 40 8.30 p.m. 40 
8.30 a.m. 40 9 p.m. 40 
10 a.m. 42 9.30p.m. 40 
11 a.m. 40 10 p.m. 40 
12 m. 40 10.30p. m. 41 
12.30 p.m. 40 July 26 12.30 a. ru. 41 
It is evident from the above that the deviation produced by the nse 
of electrodes floating in the water of wells is more constant than that 
resulting from. their employment when sunk, as we have described, in 
the earth, for in the latter case the water in which the cylinders are 
immersed is continually decreasing. I ought here to observe that, 
having taken advantage of a well, situated midway on the slope of the 
hill of Turin, I repeated these experiments with the same length as 
before of the metallic line, and in one case with a stratum of earth ex-
tending from the base to about the middle of the hill, and in the other 
ease from the middle to the top, the electrodes being all the time im-
mersed in wells; in the experiments in which the terrestrial circuit was 
thus about half that before used, the fixed <leviation of the ascending 
current was 100; much less therefore than that obtaine.u between the 
base and summit of the hill. 
I deem it proper further to describe the principal results derived from 
an uninterrnpteu series of experiments made through all the months of 
last summer, in the hills around Florence. The line was composed of 
the usual copper wire covered with gutta-percha, suspended upon poles 
and interrupted about midway of its entrance into the laboratory, "'here 
the two ends were immersed simultaneously with the wires of the gal-
Yanometer of 1,500 coils, in two small vases filled with quicksilver. I11. 
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many experiments I haYe used another but similar line, ·which en a bled 
me to test, by eompnrison with one another, the two electrodes hnmersetl 
in close contiguity, now iu the lower station, no\Y in the upper. The 
electrodes were the usnal plates of amalgamated zinc, immersed in the 
solution of sulphate of zinc contained in porcelain C,Ylinders, ·which cyl-
inders were immersed in turn in \Tell or spring water eontained in two 
Yases of terra-eotta, buried in the enrth. lt is useless to state tlwt 
these electrodes were first tested, m~d that eYery precantiou \Yns used 
to ascertain their homogeneitJ~. A.t the two extremities, after selecting 
a soil having very nrarly the same qualities, I excavated two holes, with 
a \Tidth mHl depth of one metre, (3 feet,) which I tlUed witll the same 
earth, and iuto tlJe holes thus prepared iutroduced the Yases with the 
two electrodes. On each day of experimenting, I began and finh;hed 
by reversing the position of the vases, in order to assure myself that 
the deviations were independent of the electrodes, and that,, \rhen tested 
in contact, the latter were perceptibly homogeneous. 'l'he difference of 
:~,·el between the two electroues was about G5 metres, (180 feet.) 
Simultaneously with the observations of the electric currents in the 
circuit, I studied at the extreme stations tlle atmospheric electricity in 
the way already describetl. On clear and calm days I ha,·e a}ways 
found very strong signs of positive elect,ricity near tuo upper iiitation, 
and no signs or very weak ones of the same electricity in the Ya1ky 
below, near tile lower station; indeed, at this station the same thing 
occurred even in stormy weather. A.t the upper station the signs 
cllangeu according to tlle intensity and distance of the <"XiRting storm, 
as we shaH again mention. I select the numbers obtained on tlle 2d, 
:3d, and 4th days of July, when the air was warm and dry, and tlle 
weather calm with the exception of a distant storm which was obsern?d 
on the 3d, some hours after midday. On the 2d, from morning nntil10 
at night, tlle eurrent continued to ascend in the metallic line, and re-
mained fixed at betw·een 15o and 1Go during the morning, and between 
11 o and 12° in the afternoon. Tlle results of the 3d were the followin:;·: 
Hour .. I Deviation .. llour .. / Deviation .. llour .. I 
I 
De,in,tion. llour. D eviation. 
Degrees .. Degrees .. Degrees .. De:;rees .. 
8 a.m .... 13 to 14 2.32 p .. Ill ..... 18 3 .. 12 p .. m ..... 1j 4.40 p .. Ill .... 17 
9..42 a.m .... 15 2.40 ll. lll . .... 18 13.43 p. m .. 1tl 5..40 ll. m .... li:l 12 ill ....... 8 2..45 p .. m .... .. 18 3 .. 50 p .. m .... 18 8 .. 50 p .. m .... 14 
l.Hi p .. n1.. .. 12 2..48 p .. l~l ..... 15 4.5 p. Ill.. .... 15 9.30 p.m .... 30 
1..30 p .. ll1.. .. 12 to 13 3 p .. m .. .... 18 4.20 p.m ...... 18 10 .. 15. p .. m .... 15 
The electrodes ha\·ing been left in place all night, the current was 
found tile next morning, fixell at between 1:1:0 and 15o, and the same 
deviation remained on reversing the position of the electrodes. 
I report al~o tile numbers obtained l\lay 30, on which day a peculiar 
storm occurred, a strong sirocco wind haYing prevailed, while for some 
time the sky was eovered witil dense clouds traversed by electric dis-
charges in the distance. Rain also fell. 
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~-= g:;; 
~l~ ~§g ,.2l~;::: 
~s~ -..-o 
Hour. ""'"'~ State of t,he sky. Hour. 6 ~I~ State of the sky. 
~.S3 g;B ~ 
~]S ~~; •,...j 0 0 
~ W ,..!:l :>~~ 
<PO::-+-> c::>~~ 
A A 
D em·ees. Degrees. 
7 a.m. ~2---- -- Rain for some time. 2.10p.m. (*) 
8 a.m. 18 to 20 2.15p. m. (*) 
9.Ha.m. 23 2.30p.m. (*) 
1:! ill. ~o ______ Strong wind. 2.36p.m. (*) 
12.20p. m. 21 2.40p. m. 10 ...... Heavy rain, which lasts until 
12.30p.m. 20 2.50p. m. 10 4 p'. m., with thunder and 
l::l.37p. m. 18 2.53p.m. 15 lightning, anu dense black 
12.45p. m. 2~ 3 p.m. 20 clouds on the line. 
1 p.m. :!0 3.10p. m. 20 
l.15p. m. 15 3.15p.m. 20 
l.20p.m. 10 :u s p.m. 22 
l.:30p. r!l.. H 3.29p.m. 25 
1.40p. m. 5 3.25p. m. 23 
l.45p. m. (.*)- -- - Stormy clouds, very lo"l\ and 3.30p.m. 20 
l.50p. m. (*) menacing, flashes of light- 3.3.Jp.m. 25 
2.5 p.m. (*) ning, thuuder and rain. 3.38p. m. 25 
2.8 p.m. (•) 
(*)Needle oscillates between 5° and O:J. 
Up to this moment the needle oscillated slightly; but afterwards, 
under the action of the storm, the needle made great oscillations, though 
always to the side in which the current maintains it, and' at the close of 
the day the deviation seemed fixed at about 600. It has already been 
said, that on July 2, with a clear sky and the air warm and dry, the 
deviation was re-established and fixed at between150 and 16o. 
During a storm on the 7th I kept the electroscope in exercise for a 
length of time at the intermediate station, and constantly realized great 
oscillations of the needle, even to zero, when the instrument gave signs 
of negative electricity or very weak signs of positive electricity. Under 
strong winds also these oscillations were verified. Again, the usual 
deviation of the ascending current increased slowly or rapidly, according 
as the electroscope indicated a corresponding augmentation in the signs 
of positive electricity, or a sudden augmentation of the same electricity 
at the moment of a flash of lightning. In many other series of experi-
ment,s, which I deem it needless to report, I have always found in calm 
and clear days a deviation nearly constant, a result which I have never 
witnessed during storms nor even on clear days during high winds and 
great oscillations of the atmospheric pressure. 
I proceed to describe the experiments exoouted upon a mixed circuit 
in which tlte metallic conductor, an iron wire of 3 millimetres, (it- inch,) 
and well insulated, had a length of about 45 kilometres, (28 miles.) The 
two extreme stations, which were Poutedera and Volterra, were at a dif-
ference of elevation amounting to 540 metres, (1,772 feet.) The experi-
ments were performed in the nights of the 11th and 23d of July, under 
a calm and serene sky, commencing at 7.30 p.m. and termiuating at 
4.45 a.m. 
In the line between Pontedera and Volterra the telegraphic offices are 
closed at night; aud in order to be more certain that no current of the 
telegraph could be introduced during the experiments on the line, I pro-
vided for an interruption of the latter at each extremity, at the distance 
of a pole or two from the office; at the poiut of interrnption I soldered a 
piece of copper wire covered with gntta-percha, which at the station of 
Volterra descended immediately into the earth, where it was united to 
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the electrode. of zinc sunk in the ground iu the usual manner, while at 
the station of Pontedera, where the galn:mometer was placed, the a bole-
mentioned wire proceeded to one of the ends of the galvanometer, \Yhile 
the other end was made to communicate with a copper ''ire cmTered 
'vith gutta-percha which terminated at the earth and united with the 
other electrode of zinc. 
The following are the numbers obtained from the two experiments, 
in both of which the constant deviation of the needle indicated the usun 1 
ascending current in the wire: 
JULY 17. JULY 23. 
Hour. D eviation. Hour. Deviation. Hour. Deviation. Hour. Deviation. 
7. 30 p.m .. 17 11.30 p.m .. 10 8 p.m ... (j 10 l).m . . 20 
8 p.m .. 11 1 a.m .. 15 8.15 p.m . .. 20 10.15 p. m .. 10 
8.30p.m . . 13 1. 30 a.m .. 15 8.;j0p.m ... 30 to 40 12.30 a.m .. 25 
9 p.m .. 10 2 a.m .. 14 8. 45 p .m ... 28 2. 35 a.m .. 40 
9.30p. m .. 12 2.30 a.m .. 15 9 p.m ... 28 3 a.m .. 36 
10.15 p.m .. 10 3 a.IU .. 18 9.20p.m ... 10 3. 55 a.m . . 38 
10.30 p.m . . 12 4 a.m .. 21 9. 25p.m .• . 20 
11 p. Ul .. 10 4. 30 a. ru .. 8 9. 30 p.m .. . 22 
11.15 p. Ul. . 16 4. 45 a.m .. 10 9. 45 p.m .. . 30 
In these experiments, especially in that of the night of the 11th o£ 
July, the deviation had been constant in the interyal between one obser-
yation and another, and the variations took place very slowly. But 
this constancy was not so absolute as that noticed in the previous 
experiments with a short circuit; the needle in these experiments 
between Volterra and Pontedera having constantly exhibited a sort or 
tremulous oscillation in an arc, which was never greater than one 
degree. :Moreover, as well in the experiments of the 11th as in those 
of tlle 23d of July, it was observed that, thrice on the former and four 
times on the latter night, at various inter'\'als of time, the deflected 
needle, whicb had seemed fixed, suddenly descended to 0° and oscillated, 
oftenest for a few seconds, but on one occasion for about an hour in the 
opposite quadrant, never taking a fixed direction, and returning by a 
rapid movement to its stationary position under the ascending current. 
'fhese extraordinary mo,Tements of the needle, I am persuaded, though 
without being able absolutely to affirm it, were independent of the errors 
of the experiments, even counting among these the case of a Yoltaic 
current introduced for a moment into the circuit at Volterra, where I was 
not present. 
The last series of experiments which I shall report, relates to observa-
tions made ou a long telegraphic line from Ivrea to Uourmayeur, first in 
October, 186±, and again in November, 1866. These experiments were 
made in three different sections, of which that line is composed. The 
first, between Ivrea alH..l St. Vincent, nearly parallel to the meridian, is 
36 kilometres (22 miles) in length, with a difference of level between the 
extremities of 281 metres, (92~ feet.) The second section between St. 
Vincent and Aosta is 25 kilometres (16 miles) long, and the difference 
of level, 83 metres, (272 feet.) The third, between Aosta and Courmayeur, 
at the extremity of the valley at the foot of l\Ionte Bianco, is 27 kilo-
metres (17 miles) long, and the difference of level of the two extremities 
G42 metres, (2,103 feet.) In 1864 the experiments were made separately 
.in the three sections.of the line; in those of 1866, only two sections, 
that, namely, between Ivrea and Aosta, and that between Aosta and 
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Conrmrryeur, were brought into requisition. The wire was thf\ usual 
iron one, from 3 to 4 millimetres (-k-inch) in diameter. 
Before the experiments, the entire line had been inspected, repaired, 
and insulated with care, so that there was no sensil>le movement in the 
needle on introducing a current into the line, while the opposite eud 
·was insulated in the air. I employed the usual elect rodes of zinc, im-
mersing them in the water of wells when l could, or introducing them 
into holes made in the ground and :filled with identically the same water, 
whicli was that of the Dora. Between Ivrea., St. V.inee11t, and Aosta, 
tile experiments were always made in the night, when the t elegraphic 
offices were closed ; in the la~t experiments between Aosta and Oour-
m:-tyeur, where the telegraphic service cmtses in September, the experi-
ments might be made with confidence at any hour of the day. The 
results obtained in the :first series of experiments, as heretofore de-
scribed in the Comptes-rend·us of the Academy of Paris, (September 19, 
1864,) were as follows: The electric currents obtained in the three lines 
of the valley of Aosta, notwithstanding tile much greater resistance of 
the metallic portion of these lines in comparison with the line of GOO 
metres, (1,969 feet,) on which I had operated in the hills near Turin, 
gave ·with the same galvanometer much strouger eurrents, measured by 
the deviations more or less :fixed of 40o, 1300, and eYen 8oo, instead of 
20° to 25° at. most obtained in the shorter line. At all times, when the 
deviations became :fixed-and this was sometimes the case, even for the 
space of an hour-the deviation indicated an ascending current in t.he 
metallic line. But a certain tremor of the needle was noticed) and from 
time to time, as in the experiments between Pontedera and Volterra, 
the needle descended suddenly to oo, about which it oscillated, or even 
passed into the opposite quadrant, returning afterwards to tile :fixed 
deviation prescribed by the ascending current of the wire. In this case, 
also, I have every reason to believe, though I will not absolutely affirm 
it, that no voltaic current was introduced at such moments into the 
circuit so as to produce the oscillations in qli.estion. 
The experiments made in November, 1866, ·were conducted under 
better conditions when the correspondence between Courmayeur and 
Aosta bad been suspended for two months. In these I was assisted by 
Signor Eccber, adjunct of the chair of physics in this museum, to whose 
zeal and loYe for science it is due that even under unfavorable circum-
stances of w€ather and place, especially in the winter, all possible pre-
cautions were used in order that the ·experiments might yield exact 
results. At each extremity of the line three similar vases of earth were 
sunk :n a formation of nearly identical qualities at a certain distance 
from one another, and the current was measured by transferring in 
succession the electrodes of zinc immersed in porcelain cylinders and 
ascertained to be homogeneous, now to one and now to another of the 
earthen vases, all of which, at either extremity, were :filled with water 
from the same source. 
The experiments between Aosta and Courmayenr were made on the 
3d of November, 1866, at 8 o'clock in the morning; the atmospheric 
electricity at Oourmayeur was feebly positive; snow had fallen in the 
night on elevateu places, and the cloud~? were dissipated only at ·the 
rising of the su11. At 8..!5, the line was tested in order to ascertain itR 
insulation, which was found to be perfect. The experiments yielded 
the following results: 
9.15 a.m. 
9. 30 a.m. 
9. 45 a.m. 
10 a.m. 
1~. 10 a.m. 
10. 5:!0 a.m. 
10.30 a.m. 






11. 3.) a.m. 
11.45 a.m. 
12 m. 
1. 05 p.m. 
1.10 p.m. 
1.15 ll- m. 
1. :20 Jl. 111. 
1. 25 p.m. 
1. 30 p.m. 
1.3.3 p.m. 
1. 40 p.m. 
1. 4.) p.m. 
1. 55 p.m. 
2 p. JU. 
2. Oi3 p.m. 
2. 1.3 p. lll. 
2. 20 p. Ill. 
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Obsermtions. 
-~ I 
4l 30 -31 NeP(lie nearly tirm, oscillating only l.Jetweea :ls anll-15. 
30""120:>-43:> The extreme holes used which WP will cnll Xo. 1 and ~o. 1'. 
52 50 -55 Needle nearly immo>ablc. 
. . . . . . . . . . . . . . Tho communications l.Jeiugwithclmwn the_net'dle goes to 0°; they arereBtorcd 
between holes No.1 Courmayenr and ~o. 2 Ao;;ta. 
50 40 -.5:1 
51 49 -54 Keecllo nearly firm. 
52 50 -58 Slow oscillation 
54 .Absolutely tirm. 
.... .. .. ..... . ~igus ofposiHYc electricity stronger than in the morning. 
54 45 -60 Very feeble oscillation. 
. . . . . . . . . . . . . . Communications being withdrawn the nectUo goes to 0°; restored between 
hole :::-,r o. 3 AoHta auu :::-,r o. 2 Courmayeur. 
52 46 -GO :::-.r celllo nearly firm. 
52 4G -GO Idem. 
47 30 - 31 Between holes No.3 and No.3 of the two sides rreedlo oscillates. 
45 25 -30 Idem. 
. ............. Conununicn.tions removed aml restored between hole No.1 Aosta and No.3 
36 30 -50 
34 20 -42 
3G 20 -48 
38 29 - SO 




Oscillatio:Js ; the holes are No. 1 and No. 1 of tho two sides. 
Light oscillations. 
Scarcely oscillates. 
Commmtications removefl and replaced between No.2 .cl..osta and No.1 Cour-
mayenr. 
4:1 40 -52 Light oscillations. 
49 Needle iirm. 
52 Idem ; b etween tho holes No. 2 on both sitles. 
52 Idem. 
48 40 -52 Nearly iirm; holes K o. 3 on both sides. 
1!) . . . . . . . . . . Needle 1irm. 
. .. - ~- ......... IIoles K o. 2 on both sides. 
50 45 -53 I Light oscillations. 
----'------'-
It is proper to add that at the two stations of Aosta and Courmayenr, 
t\T"O electrodes of copper were also iu operation, consisting of two platet:i 
of that metal, with a surface of about a third of a ~quare metre, and 
hnriecl at a depth of aboat one metre. These plates were employed as 
electrodes after haviug been buried for two days. On the day of the 3d 
of .November, with these electrodes of copper, and at intervals of some 
hours, there was a nearly fixed deviation in the same direction with 
those of the electrodes of zinc, and indicating, fi·om 12 o'clock to 12.48, 
successively 65o, 700, 69o, and from 2.40 to 3.00, 690 and 680. A.U the 
de\i<ttions above reported. indicated an ascending cmTent in tlle metallic 
portion of the circuit. 
I shall only cite, in addition to the abo,Te, the experiments made on 
the line between Ivrea and Aosta, having a length of about 160 kilo-
metres, (99 miles,) l111Ll a difference of le,Tel bet\Yeeu the extremities equal 
to 36± metres, (1,194 feet.) These experiments were conducted precisely 
like those just described at length, between Aosta and Courmayeur, 
and were executed during the clays of the 5th and 6th of N O\'em ber. 
The atmospheric electricity, always positive, was at Aosta considerably 
more intense than in the experiments Inttde at Courmayeur. 
The current which circulated in this line was constantly an ascending 
one in the metallic part of the circuit, and for many hours the deviation 
oscillated between 40° and 50°. On the second day the air waf~ per-
fectly serene, the sun lustrous, am1 the signs of atmospl1eric electricity 
constantly progressive. The needle remained deflected for seYeral 
hours, and apparently fixed between 600 and 6±0 by an ascen(ling CJlr-
reut in the metallic line. Here also the plates of copper, sunk in the 
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ground at the depth of a metre, (3 feet,) were tried as electrodes, and 
the deviation obtained, the needle continuing nearly immo\~able, was 
from 640 to 650. 
GENERAL CONCLUSION~. 
The experiments described in this memoir point to the following con-
clusions: 
1. If a metallic line be insulated from the ground or suspended at a 
certain height, or in actual contact with the ground, and its extremities 
be: sunk in the earth, in good communication with the lat,ter by meant; 
of perfectly homogeneous electrodes, with a certainty that there does 
not exist any electro-motive force between the parts of the rneta.Uic cir-
cuit, or between the earth and the electrodes, it will be found that there 
is in that line a constant circulation of electricity, whenever the line, 
having a rectilinear length of at least G kilometres, ( ± miles,) has its ex-
tremities sunk very nearly at the same elevation and in a horizontal 
stratum, or, if the length of the line be much shorter, when its extremi-
ties are sunk in the g-round at a different degree of elevation. 
2. When a metallic line has a length of 6 kilometres, (4 miles,) and 
its extremities are sunk in a horizontal stratum, there is in that line a 
current having a constant direction from south to north, if the line be 
extended on the meridian; if the wire be extended in an equatorial di-
rection, the signs of the electric current which circulates therein are 
very variable and without a fixed direction. 
3. In a metallic line much shorter, say 300 metres (984 feet) to com-
mence with, there is a constant circulation of electricity, if the extremi-
ties are sunk in the ground at a different elevation as regards one an-
other. In that case, the current is one constantly ascending in the me-
tallic line. 
4. This ascending current has an intensity which, notwitlu;tanding 
the greater resistance of the circuit, increases with the length of the 
circuits, and increases also with the difference of lmrel of the points at 
which the extremities of the line are sunk. But in circuits which are of 
considerable length, and in which there is a great difference of altitude 
between the extremities, the intensity of the ascending current is not 
so constant as in short circuits. 
These results change in the presence of storms, and also iu great at-
mospheric perturbations ; in such cases the intensity of the terrestrial 
current, and likewise its direction, are subject to very considerable va-
riations. 
Hypothesis respecting the origin of the terrestrictl mtrrent.-I shall be 
very brief on this point, as these researches are still deficient in that ex-
tent which would be requisite for success in interpreting a phenomenon 
necessarily obscure and highly complicated when submitted to rigorous 
~~~~ . 
When we consider that the resistance to the electric current of a ter-
restrial stratum is nearly null, and that it does not vary with the length 
of the stratum, it is not easy to see an analogy between these currents 
and derived currents properly so called. 
Associated as the terrestrial currents are with the apparition of the 
aurora borealis, and with the great variations of terrestrial magnetism, 
the probability naturally suggests itself of an intimate relation betweeu 
these currents and the causes of the magnetism of the earth, as well as 
of the electric state of the earth itself and of the air. If, as has been 
pro\ecl by experiment, the earth is a body charged with negatiYe elec-
tricity; if, as in effect is the case, the tension of this electric state of the 
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earth increases with the altitude of terrestrial points, it can be con-
ceiYed that a metallic line, one extremity of which touches the bottom 
of a valley and the other a summit, should be traversed by an ascending 
electric current, with an intensity proportional to the difference of the 
electric potentialities of the two points. Since, then, the electric state 
of the earth varies even in clear and calm days at the various hours of 
the day, the electric current of the earth also might derive, from that 
law of atmospheric electricity, its origin in metallic lines, touching the 
ground with their extremities, provided the lines be very long ones. 
· But phenomena so obscure and complex demand great reserve in any 
attempts which are made to explain them, and it is only from those new 
aud persevering researches which we invoked at the beginning of this 
memoir, that greater ligb t can be hoped for in regard to a phenomenon of 
so much importance in terrestrial physics. 
15 s 
LECTURES ON THE PHENOMENA OF FLIGHT 
IN THE ANIMAL KINGDOM. 
BY :M. :MAREY, of the College of France. 
[Translated from the Revue Des Cow·s Scientijiques, for the Smithsonian Institution.] 
We shall occupy ourselves on this occasion in the discussion of a 
question which is connected with our first studies on motion, as one of 
the functions of life, namely, with the-
NATURE OF FLIGHT IN THE ANIMAL KINGDOM. 
Fligpt is a process of locomotion, in some cases indispensable and in 
others accessory to the life of an immense number of living beings. It 
is not confined to insects and birds that live habitually in the air, or to 
· certain mammals, such as bats, but is also common to animals which 
are essentially confined, by their organization, to a terrestrial or aquatic 
life, such as flying and dragon fish, gecko-lizards, and, above all, to ptero-
dactyles, a race at present extinct. The field on which we are about to 
enter is very extensive; and although it has been long cultivated, it 
would not be surprising if we should find that it bas not been entirely 
exhausted, or that it is still capable of ~rielding new facts. 
In beginning, for the first time, the study of locomotion, we sb0uld 
address ourselves to the origin of the. phenomena connected with the 
subject, and we would pause upon the elementary apparatus which is 
its special organ, namely, rnuscular fiber, and also upon the elementary 
function ~f this indispensable organ, namely, 111/tuwular contraction. We 
have, however, considered 'these in their general application to motion 
in previous lectures~ and need only recall them to mind in this place. 
The evident manifestation of animal motion is the production of a 
change o£ place, or locomotion·; but what we are now to consider espe-
cially is aerial locomotion or flight. 
Animal motion presents a series of complex phenomena; for exam-
ple, when we bend a finger, and examine the series of events which 
·occurs in the production of the desired result, we find, .at the beginning, 
first, the operation of the will, or a p,c;ychical action; secondly, tbe trans-
mission of the influence of the will, or a nervous action; thirdly, the 
contraction of the muscles, or rnusmtlar action; and, fourthly, the motion 
of the finger, which is a mechanical action. In the study of these phe-
nomena with which shall we commence~ A philosopher of the past, a 
Rpinozist, would not hesitate in answering, hut would say at once, the 
logical order should be obsen~ed; the examination of the action of the 
will should be first made; and the other phenomena deduced from the 
. result of this, as the prim~ry cause. But this method is the one which 
the modern school of science rejects. The investigators of our day re-
verse this order, and, instead of descending from causes to effects, ascend 
from effects to causes, from more simple and evident phenomena to those 
which are more complex and hidden. If we first attempt to grapple with 
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the psychical phenomena in the series we have mentioned, we shaJl find 
ourselves at once encountering difficulties far beyond our power to over-
come. If it be true, as has been said, that all investigation, when reuueed 
to its ultimate element, is measurement, how can that be investigated 
which is beyond the reach of all measurement' What unit will serve to 
express in figures the phenomena of intelligence, will, and sensibility? 
These, although similar in some respects, and belonging to th~ same gen-
eral class of phenomena, are so heterogeneous to others with which they 
are associated as to admit of no comparison. Physiologists, therefore1 
address themselves, as we have said, at first to the study of the phenom-
ena which offer the most easy study, and these are almost always the 
last terms of a series ot acts such as those which I have mentioneu. 
Each successive discovery, then, facilitates further advance, anti enables 
the investigator to rise toward results which at :first appearunattaina ble, 
and to elevate himself almost to the level of those questions on which 
speculative philosophy has spent itself in fruitless efforts. We, therefore, 
commence with the study of muscular action. The first step in this 
was made when the unattainable influence of the will was replaced 
by the electrical stimulus; muscular contraction then commenced to be 
studied by itself, separate from all extraneous influences. 
You know of what assistance in studies of this kind is the application 
of the graphic method with the registering apparatus. It was by means 
of this method, and the instrument calleu the myograph, that Helm-
holtz, in 1850, prosecuted his admirable researches on muscular action, 
and I was enabled to add my contributions to the theory of muscular 
contraction. The myograph enables us to note the exact instant when 
the phenomenon begins, its duration, and extent; while the curve traced 
on the cylinder makes known all the circumstances of its production. 
Now, the possibility of noting the precise instant of the muscular con-
traction furnishes us with the means of the examination of the second 
of the acts which form the object of our researches, namely, the trans-
mission of the nervous force. 
Up to a very recent date, even as late as 1845, it was thought that 
sensitive impressions were transmitted to the brain from the extremi-
ties, and that the impulse of the will returned with the rapidity of 
lightning, the time necessary for the transmission being regarded as 
infinitely small; and, indeed, some physiologists, Miiller among others, 
contended that this point never could be settled by science. The honor 
of falsifying this prediction belongs to Helmholtz, who carried out, in 
1850, a programme of experiment.s, suggested by Du Bois-Haymond 
five years before. He proved that the time taken by nervous force to 
traverse the length of a specified nerve could be accurately measured. 
After him, Valentine, Du Bois-Haymond, Donders, andl\iarey repeated 
the experiments, and considerably simplified the method of operation. 
In all the researches the plan which was followed consisted, first, in ex-
citing a nerve in the neighborhood of the muscle to which it belonged, 
and determining the interval which elapsed between this irritation and the 
coutraction which resulted from it; secondly, in stimulating the nerve at 
a greater distance from the muscle, and determining how much longer con-
traction was retarded than in the former case.. This delay necessarily 
follows from the greater distance which the nerve-impulse has to traverse 
in the second case, and thus indicates the rapidity of this agent along 
the nerve which bas been operated upon, or, in other words, furnishes the 
means for the deduction of the absolute velocity of the nervous im-
pulse. Helmholtz found that about 0.00175 of a second was occupied 
by a nervous impulse in traversing a distance of forty-three millimeters, 
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which corresponds to a velocity of twenty-six meters per second. This 
vell)city, however, varies somewhat with the conditions of the organ on 
which the experiment is performed. I shall not dwell on these points, 
which are already published, but shaH call your attention to this re-
markable fact, bearing directly upon our thesis, namely, that the meas-
urement of the nervous transmission enables us to rise to the study 
of psychical action. "Has thought no longer the infinite rapidity 
which has been habitually attributed to it, and is it possible to measure 
the time necessary for the formation of an -idea or a determination of 
the will~'' Such are the terms in which Donders expresses the prob-
lem. 
The first researches on this interesting subject are due to the astrono-
mers. Toward the year 1790 a curious fact was announced by Maske-
lyne, who stated that in the estimation of the passage of stars across 
the thread of a meridian telescope, there was a constant discrepancy 
between his observations and those of his aid, Kinnebrock. Later, 
Bessel, comparing the observations of other astronomers with his own, 
perceived that most of the observers signalized the passage of stars a 
little later than he did, the difference in some cases being more than 
a second. These observations attracted the attention of astrononHlrs 
generally. They commenced to study the phenomenon under the name 
of the pers01wl equation, and to ascertain its absolute value. To illustrate 
the method of obtaining this result., we shall only describe the p~·ocel'ls 
lately invented by M. Wolf, of the Paris observatory. He arranged a 
luminous bull's-eye, a kin<l of artificial star, so that it moved at a ulli-
form rate along ·a curved line, resembling the trajectory of a true star. 
At the moment this luminary actually passes before the thread of the 
telescope, or at the moment when its center coincides with tho central 
thread, it closes the circuit of a galvanic battery; at this precise instant, 
an electric current, excited by the completion of the circuit, records the 
passage of the star on a revolving cylinder. 1\'Ioreover, the observer, at 
the moment when he perceives the passage of the artificial star before the 
thread of the telescope, by pressing a spring, records the instant on the 
same chronograph. The interval between the two signals, estimated in 
fractions of a second, measures the lapse of time between the real pas-
sage of the star and the estimation of its passage by the observer. This 
is the absolute value of the personal equation, which remains nearly the 
same for each observer, unless, being aware of it, he endeavors to cor-
rect it. M. Wolf reduced his error from three-tenths to one-tenth of a 
second. 
Prom a physiological point of view, we may ask, What is this personal 
equation~ The astronomers, Bessel and Faye, have suggested the hy-
pothesis that an intellectual operation is necessary for transmitting by 
a signal a perceived sensation. The pl1enomenon has· not the less gen-
erality from ha·dng been at first signalized b;y astronomers, and it may 
be said that a certain time always elapses between the instant of occur-
rence of a phenomenon and the signal of an attentive observer that he 
perceives it. The duration which separates the impression from the 
signal of the reaction has been called the physiological per-iod. We owe 
very curious observations upon the variations of this physiological 
period to M. Hirsch, (of N eufchatel,) and especially to M. Donders, anu 
his pupils. 
Thus, the signal of reaction being always the same-for example, a 
motion of the hand, as in closing a galvanic current-it is observed that 
the signal is produced more rapidly if the impression is made upon the 
sense of hearing than if it is exercised upon the sense of sight, and still 
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more quickly by tactile irritation. If the impression is on the eye, the 
reaction of the hand takes place in one-fifth of a second; if it i~ ou the 
ear, in one-sixth of a second; and on the skin, in one-seventh of a second. 
Thus the physiological periods are among themselves as the numbers 
one-fifth, one-sixth, one-seventh. But does this period of, for example, 
one-seventh of a second, which elapses between the moment when the 
skin is irritated and that when the observer moves his hand, corre-
spond entirely to a psychical act~ 'V e answer no; it is necessary that 
the sepsory impression should have time to reach the brain; cerebral 
perception and . volition being the~ accomplished, time is required for the 
motor impression to reach the muscle and determine its motion. Nor 
is this all. The impression once produced passes through the nerve 
witll a known velocity, but this impression is not instantaneously pro-
duced; it needs time to take form, to be completed before becoming 
ready to traverse the nerve. It is not sufficient, therefore, to deduct 
from the total duration of one-seventh of a second, the durat.ion of the 
passage of the sensory nerve-force and of the motor nerve-force, to con-
·clude that the remainder appertains to tile psychical act. Tllese experi-
ments do not exhaust the subject. They do not make known the dura-
tion of the cerebral act, nor even whether it has a duration. 
1\I. Donders instituted in the meanwhile a series of experiments des-
tined to remove all doubts. His method consists in augmenting the 
physiological periou unt.il the measurement of the intercalated intel-
lectual operation can be clearly observed. 
The following is the plan of one of his experiments: 
First case.-Tl1e observer knows that an electric shock will be given 
to his right foot, while the signal of reaction is to be given by t,he right 
hand. 
Second case.-The observer does not know which foot will receive the 
irritation, and is instructed to give the signal by the hand of the irri-
tated side. 
The physiological period measured in the two cases was longer in the 
latter by about one-fifteenth of a second. It is clear, all the other con-
ditions being the same, that the difference in question represents the 
time necessary to determine upon which side the irritation bad taken 
place. and to direct to the right or left side, conformably with the idea 
acquired, the action of the will. Consequently the solution of a di-
lemma reduced to the most simple form is a cerebral action existing 
during one-fifteenth of a second. It is thus experimentally established 
that a cerebral action has a duration. \V e finally become assured that 
this duration is augmented in proportion as the psychical action be-
comes more complicated, anu that it is diminished when the action be-
comes simplified. 
Instead of exciting the organs of touch, Donders next experimented 
as follows on visual irritation : 
First case.-The observer executes a movement with the right hand 
upon the appearance of a white light. 
Second case.-A white light and a red light are employed, and the sig-
nal of reaction is to be given with the right hand for the wllite light, 
and with the left hand for the red light. Under these conditions the 
solution of the dilemma consumes in the mind a more considerable 
time. On the contrary, in the case of auditory stimulation, the dilemma 
was solved by the mind in less time than in the case of visual stimula-
tion. The aut bor of these researches attributes tllis superiority of one 
sense over another to a facility derived from habit or exercise; and, in 
fact, repetition tends to equalize the action in the case of the two hands. 
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The elementary psychical action which we have examined has not yet 
attained the greatest degree of simplicity. Since, in the solution of the 
preceding dilemmas, two operations of the brain can be distinguished-
first, the distinction between different impressions; second, the volition of 
an act chosen from among other acts-Donders asked himself if it might 
not be possible to determine separately the time appertaining to each of 
these two terms. The following is the experiment which he instituted 
to attain this object: 
F,irst case.-An obserYer was \Varned tl1at a vowel would be pro-
nounced, and was directed to reproduce the sound heard. 
Seconcl case.-The observer in this second arrangement was directed 
to respond only to a single vow el-i, for example-and to keep silence for 
all others pronounced. His effort was then entirely directed toward the 
recognition of i, the vocal organs were placed in the proper 3')0sition, and 
the impulse of the breath alone was needed to emit the corresponding 
sound. We readily comprehend how much the second term of the psy-
chical action is simplifiecl under these conditions. The will having only 
to apply itself to the production of such a sound, rather than any other, 
reacts, so to speak, without a previous judgment, and the signal follows 
the act of volition as simply as can be imagined. We naturally observe 
that this restricted operation occupies less time than the first by the 
amount of time necessary to respond to each sound with its equivalent, 
and this difference corresponds to the action no longer required by the 
brain. 
The preceding considerations indicate sufficiently the path which we 
have to follow. Having to study the function of aerial locomotion, we 
shaH examine the organ which serves to . accomplish it, namely, · the 
wing. It is by the movements of their wings that animals sustain and 
direct themselves in the air. They strike the atmosphere with repeated 
blows, and the reaction of this fluid on the surface which they expose 
serves for the propulsion of the entire body. 
I.-FLIGH'T OF INSEC'l'S. 
The first subject which presents itself for our investigation will be 
the inquiry · as to the frequency of the motions of the wings of in-
sects. Here we encounter the first difficultv. The movements of the 
wings are so rapid in most cases that the eye cannot count or follow 
them. There are very few insects which fly slowly enough to render 
this direct determination possible. Among the most common we may 
mention the white butterfly which is frequently met with in our fields, 
the cabbage Pieris. 'Ibis insect, which has a jerking flight, seldom exe-
cutes more than eight or nine movements of the wing in a second; while 
those insects whose flight is directed with precision and without jerks 
tow·ard a determined point generally execute hundreds of strokes of 
the wing in a second. Thus, in the maJority of cases, direct observa-
tion cannot follow the wing of insects. vVe observe a body in motion, 
but we only perceive the extreme limits of its oscillation; it may, how-
ever, be said that these limits are seen with great precision. But 
that observation may be facilitate<l, it is necessary that the subject of it 
shall be placed in a favorable situation: vVe take, for example, one of 
those ]}facroglossa (sphynx moths) which frequently sen~e as the su~ject 
of experiments on account of their large size and the readiness with 
which they are obtained. Fastening its body with a pin between two 
strips of cork in such a way that it shall not turn around upon the 
axis which pierces it, and that the motion of its wings alone shall be en-
• 
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tirely free and placing it before us, the wings being in motion, we 
perceive two oblique lines, which-mark the limjts of passage of each of 
its wings, while their intermediate positions continue to escape the most 
acute observation. 
It is hardly necessary to give an explanation of this fact. Every time 
that a body in rapid motion changes its direction to return on its steps 
and to traverse in a contrary direction the road which it has already 
traveled, a moment arrives when its motion, lwfore change of direc-
tion, beeomes absolutely nothing ; this point of cessation, this dead-
point, is the extreme limit of oscillation. This is why the impression 
is produced before the wing has left the limiting position, and at the 
moment when the impression is about to be effaced the wing has bad 
time to make a complete oscillation and to return to its point of depart-
ure, so that the new impression is confounded with the old one, and the 
eye experieuces a continuous sensation, the result of the fusion of the 
intermittent sensa.tious. But since the optical method is insufficient to 
inform us of the frequency of the vibrations of the wings, we must 
have recourse to another process. I may say, in adYance, that the 
graphic process is the most exact of any we possess, and you shall be 
the judges of the results it will afford us. However, before broaching 
this new subject I cannot dispense with saying a few words on an inge-
nious method based on the observation of the souud which insects pro-
duce during their flight, and which we may designate as the acoustic 
method. 
Every one bas heard the sound which insects produce while flying. 
If this vibratory buzzing is due to the strokes of the wing, and if they 
result from its alternate motion back and forth, as the sound of the reed 
results from the vibration of a metallic lamina, then in ascertaining the 
pitch of the sound the number of alternate vibrations to which it cor-
responds will be known. For this, a tuning-fork, or a piano, is sufficient, 
with which we can compare the pitch of the sound produced by the 
insect. This method would be very conclusive if the principle upon 
which it rests was incontestably established. But on this point there is 
a difference of opinion among naturalists. First, a number of sounds 
produced by insects can be definitely excluded, which are certainly not 
produced by the vibration of the wings. Uertain coleoptera, for exam-
ple, produce sound by rubbing the last upper segments of the abdomen 
against the elytra.* T. Lacordaire cites, among the insects which emit 
sound in this manner, the Necrophori, the Oopri, the exotic Sca.rabi, and a 
host of lamellicorn beetles not found in Europe. Almost all the lamelli-
corns produce a deep sound by rubbing the peduncle of their mesotboraxt 
against the. prothoraxt in which it is inserted. Certain of the Oicindelidre, 
the Oxycheila tristis, the 111ela8omidre, the Cacicus americanus, rub their 
thighs or their hinde:r legs against the border of their elytra, pro-
ducing in this way a peculiar noise. Ollivier, in the first volume of his 
entomology, mentions the fact that the female of a Cape of Good Hope 
insect, the JJloluris striata, calls the male by rubbing a granular protuber-
ance upon the lower part of the second segment of the abdomen against 
extraneous objects. Finally, among the crickets one part of the anterior 
wings~ thinner than the rest, forms a kind of drum or tympanum ; one 
of the nervures which traverses this drum is armed with denticles, on 
which, during the alternate motion of the wings one over another, the 
* Elytra: the hard outer wings of beetles. 
t Mesothorax: the second segment of the middle or leg-bearing division of the bod.7 
of a beetle. * Prothorax: the first segment of the same. 
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salient border of the opposite wing is rubbed in sneh a manner as to 
sound the drum and produce the noise familiar to every one. It will be 
understood that at present we eliminate all these sounds, the origin of 
which is evidently different from that of the vibrations of the wings, 
and confine ourselves to the very great number of cases in which the 
buzzing of the insect is manifestly produced by the rapid strokes of 
these organs. 
Chabrier and Lacordaire report that a portion of the wings of most 
insects can be destroyed without a cessation of the sound. " In portinns, 
as pieces of these organs are cut off, the sound becomes sharper, and sen-
sibly more feeble, especially when we leave only a stump remaining. If 
this last be removed, which can only be done by a considerable laceration 
of the muscles which attach it to the thorax, the buzzing ceases entirely." 
"If,'' concludes the author, "the buzzing were entirely due to the wings, 
we could not cut off with impunity three-quarters of these organs." This 
objection confirms the hypothesis which it apparently was intended to 
disprove. · In efl:'ect, since the sound is elevated in the same ratio in 
which the vibratiug wing is diminished in length, is not this phenomenon 
entirely analogous to tllat whicll we observe when we have shortened 
a vibrating rod? The modification produced in the sound being the 
same in uoth cases, should not the mechanism of its production be iden-
tical? At least the facts cannot be regarded otherwise, if the vibra-
tions of the wings are really the cause of the buzzing. 
The authors whom we have just cited have indicated an entirely different 
cause for the acoustic phenomena. They have attributed them to the 
air which enters the trachem, and which, passing rapidly outward, puts 
in vibration the little scaly organs which surround the base of the stig-
mati.* And they cite; in confirmation of their views, this fact-that the 
buzzing also ceases if the surface of the body of the animal is covered 
with gum so that the excess of air to the respiratory canals is prevented. 
The lips of the stigmati act as the lips of the glottis do in superior animals, 
and the buzzing of the insect, therefore, becomes a true voice. Whatever 
may be the fate of this explanation, the result which we desire remains 
the same. vVe see, in effect, that in the motions of the wing there is, 
as it seems. only a single active period_,that in which it is lowered, 
b"tougb.t '.lown.; the e1e;vation. take~ \)lace in com;equence of the elas-
ticity of the pieces of the thorax strongly stretched by the contraction 
of the muscles which pull down the wing. At the same time that this 
tension is produced, the \olume of the thorax is amplified and the incur-
sion of air is the immediate result of this increase of capacity. 'rhe air 
must then enter and leave the trachem at each stroke, and the vibra-
tions it produces (whether proceeding from the wing membrane or from 
the stigmati) correspond exactly to the movements of the wing. 
The acoustic phenomenon, if it is not the consequence of the vibra-
tion of the wings, is at least synchronous with it. It can inform us, 
therefore, in all cases of the frequency of the strokes. When the buz-
zing of an insect, flying with a uniform rapidity, i& observed, we find that 
the pitch perceptibly does not remain the same; when the insect ap-
proaches the ear the pitch is elevated, and is lowered when the insect 
flies from us. Something analogous takes place when a tuning-fork in 
vibration is moved rapi(lly to and from the ear; the sound becomes 
elevated and then lowered, and the difference may attain a quarter or 
even half a tone. It is necessary, therefore, to take care that the in-
sect experimented · on should always be at the same distance from the 
* Sti,gmati: the spiracles or openings h. the external integument of insects, through 
• which re:>piration is carried on. 
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observer. This perturbatory phenomenon has been perfectly explained 
as follows: The vibrations, without doubt, are all produced at equal in-
tervals of time, and, therefore, when the instrument remains at the same 
distance from the ear, the same time elapses between the several im-
pulses on tlw tympanum. But when tlJe fork is made rapiflly to ap-
proach the ear the impulses are crowded together, and consequently the 
pitch rises; when, on the contrary, tlw fork is rapi<lly removed from the 
ear the impulses are wider apart, and the sounu deepens. Every one 
has remarked, in traveling by rail, that if a locomotive whistles while 
passing in an oppo~ite direction, the sharpness of the sound increases 
as it approaches, and becomes deep when it has passed an<l is rapidly 
becoming more distant. 
II. The movements of the wing of insects. 
To arrive at a complete comprehension of tile mechanism of flight of 
insects, I have said that we should, in the first place, resolve a certain 
number of practical questions '"hich should serve ns as steps to reach a 
.definite conclusion. I could present you immediately with the .final 
result of the experiments by 'vhich I have elucidated this subject for 
myself, and the theory which expresses them, qut I prefer to proceed 
otherwise. I shall enter on an examination of the facts and into the 
details of the experiments, in order that my hearers may participate 
more completely in the studies which we pursue together, for I am per-
suaded that there is as much profit in knowing bow to arrive at a result 
as in knowing the result it§lelf. 
1. V.l e have begun to study the motions of the wings, and the first 
question which presents itself is the frequency of these motions. On 
this point direct observation is of little assistance; tile acoustic method, 
which consists in determining the frequency of the strokes of the wing 
by the pitch of the buzzing of the insect is more efficient, but we hav-e 
seen that even the principle of this metilod has been contested, and that 
its application presents difficulties. The graphic method remains to be 
considered. This method consists in making· the wings themselves 
record the strokes which they execute. vVlten an insect is held in 
captivity by force which it cannot overcome, after trial it ceases 
a useless resistance; it resigns itself and abstains from all efforts to 
escape, its wings remain immovable, and in this way the observer who 
hopes to study their motions finds himself disappointed. But there are 
different methods of awakening the insect to its original activity; it 
is sometimes sufficient to pinch the antennm lightly; this irritation of a 
Yery sensitive organ succeeds with the llfacroglossa. Among the wasps 
the end may be attained by titillating the feet, or by holding them all 
together with a pair of forceps, and then releasing them suddenly, except 
one, by which the animal is held. Tlle captive supposes that it is at liberty, 
and makes an effort at :fligllt which last about thirty seconds, or long 
enough to be observed. There is, however, another difficulty. The captive 
insect, when willing, cannot fly like an insect at liberty, because the exter-
nal conditions are not the same. It experiences a greater resistance in 
proportion to the traction which it exerts upon the bond which holds it; 
to a free insect the relation is such as a boat held by an obstruction 
bears to one sailing freely, or as a horse which drags a load to onere-
lieved from harness. This resistance modifies its behador considerably, 
and obliges us to distinguish between the two ditl'erent conditions of 
free flight and flight in captivit.y. It is indispensable to establish these 
distinctions, in order to appreciate at their true value the re~mlts to 
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which we are conducted by the graphic as well as the other methods 
which we may employ. 
The apparatus on which the wings record their motions is the ordi-
nary registering apparatus, consisting of a metal cylinder covered with 
smoked paper, to which a uniform rate of motion is imparted by clock-
work. Let us suppose that, instead of the motions of the wings, we 
would simply register the oscillations of a vibrating rod. For this pur-
pose the extremity of the rod is furnished with a little style which 
touches the blackened paper with its point, and, as the different parts 
of the movable cylinder pass successively before the point, the soot is 
detached from the places which it touches ·and a trace produced. If the 
rod is not in vibration, it makes a long white rectilinear trace without 
sinuosities, a straight line which, rolled upon the cyliuder, constitutes a 
circumference. If it is in vibratory motion, its trajectory will be a 
curved line, of which the· sinuosities indicate all the circumstances of 
the motion, its phases of elevation, its depressions-in a word, all its 
movements-and consequently all the oscillations which the vibrating 
rod executes in space will be faithfully reproduced on the paper. It 
we would ascertain the frequency of the oscillations, it is sufficient to. 
know the rate at which the cylinder revolves. Ordinarily a tuning-fork 
is employed, of which ~he number of vibrations is previously known, as, 
for example, one hundred vibrations per second . . This is made to write 
its vibrations upon the registering cylinder below the line traced by the 
vibrating .rod, of which the number of vibrations are desired. The 
comparison of the two tracings shows at once the number of the motions 
of the tuning fork back and forth, that is to say how many hundredths 
of a second correspond to one oscillation of the rod; the number of mo-
tions of the vibrating body during a given time is thus known with 
great exactness. 
It is not, however, as easy to obtain the tracing from the wing of an 
insect as from a vibrating rod, and this for several reasons. In the first 
place it is very difficult to fix at the extremity of the wing a writing 
style; however light it may be, the rapidity of the motion to which it 
is submitted is sufficient in most cases to throw it off. If, however, 
after many trials and much precaution we are able to retain it in its 
place, a permanent cause of perturbation still exists from its very 
presence. Under the influence of this incumbrance the extent and fre-
quency of the strokes of the wing are evidently diminished. It is easy 
to convince ourselves of this by taking a Macroglossa and fixing it in the 
manner which we have previously described, that is, immovably between 
two strips of cork, by means of a pin. Looking down upon it we per-
ceive the extreme limits traversed by the wing above and below which 
we have called the dead-points. If some substance is applied to the 
surface of the wing, we see by the effect of this burden, in diminishing 
the play of the organ, the two limits of oscillation approach one another, 
and the extreme upper position, which just now was almost vertical, in-
clines towards the horizontal. We may finally remark that it is only at 
the cost of considerable chafing against the surface of the moving 
cylinder that we can obtain a complete tracing of the movement of the 
wing. The wing cannot touch the cylinder except during a very short 
instant of its stroke; tl.Jat is, the instant when the wing reaches pre-
eisely the distance from the body of the animal to the cylindrical sur-
face. The spherical figure which the margin of the wing describes in 
space, cannot have more than one point in common with the blackened 
cylinder. ·vve can therefore only obtain, as the whole i1npression, a 
series of points at more or less regular intervals; and, if a more pro-
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longed contact is desired, it can only be by curving the wing and fold-
ing it upon itself, and consequently the natural curve which the or-
ganization of the insect obliges it to traverse will be falsified and 
altered. In any case the friction against the l>lackened surface will re-
tard the motion, and although the retardation which it causes may be 
neglected when it is opposP-d to bodies of large size, such as a tuning-
fork or a vibrating rod, it cannot be when the vibrating object is the 
delicate membrane which constitutes the wing of an insect. Again, the 
friction, altlwugh exceedingly small, is found fully comparable with the 
forces which come in play in t.he motion of the wing, and its interven-
tion notal>ly alters the action o.? the latter. Experiment has confirmed 
these Yiews. In one case an insect executing the motions of flight, and 
rubbing its wings somewhat roughly against the paper, furnished 240 
movements per second; by diminishing more and more the contact of 
the wing with the cylinder, there have l>een obtained 282, 305, and 321. 
If, therefore, we would haYe a faithful representation, it is necessary to 
renounce the idea of obtaining those beautiful, regular, and continuous 
lines which are produced by the tuning-fork or Yibrating rod, and content 
ourselves with interrupted lines, half-strokes represented by fragments, 
or even only isolated dots, the periodical return in these incomplete 
markings of definite forms permits us to infer the repetition of similar 
oscillations, and hence to determine their frequency. The operation is as 
follows : With a delicate pair of forcep~ we hold the insect by the lower 
portion of its abdomen, in such a position that one of its wings at each 
movement shall lightly touch the blackened p~per. Each of these touches 
takes off a portion of the soot which covers the paper, and, as the cylin-
der turns, new points incessantly present themselves to the contact of 
the wing. A figure is thus obtained, formed of a series of points or 
short strokes of perfec~ regularity if the insect has been maintained in 
a fixed position. 
Fig. 1. 
· Showing the frequency of the wing-strokes of a drone, (the three upper lines,) and 
of n. bee, (the lower line.) The fourth line is produced by tbe vibration of a tuniug- • 
fork, furnished with n. style, which executes 250 double vibrations per second. 
Fig. 2. 
. -· --- ~ -·- -
' . . - , -., . I ' ' , . ' ' I 
' . 
Tracing produced by the wing of a drone rubbing a little more strongly on the paper 
than in the preceding figure. 
We have obtained a large number of these tracings in which the wing 
has only touched the surface of the registering cylinder, and has left 
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only a point as a mark in each of its vibrations. I exhibit a nurn ber of 
these, and trust as soon as the return of spring permits us, to pro-
. cure insects to show you the experiments by which these tracings have 
been produced. Those which you are now examining have enabled me 




Common fly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 330 
Humble-bee ... _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240 
~~~i~~~~~ ~ ~ ~ -~: ~: ~ ~: ~ ~ ~: ~ ~ ~- ~: ~ ~ ~ ~: .- ~ ~: ~ ~: ~:: ~ ~ .·::: ~: ~: ~::::: iiZ 
Sphinx moth, (l!facroglossa) . . . . . . . . . ............. ~.... . . . . . . 72 
Dragon fly, (Libt!llula) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
Cabbage butterfly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 9 
Certain authors have estimated this number of vibrations by the 
acoustic metholl, but there is a notable discrepancy between the above' 
figures and those which they have deduced from the pitch of the sound 
that these insects produce in flying. In the case of the common fly, T. 
Lacordaire has computed the number of the vibrations of its wings at 
600 per second, that is to say, twice as many as our figures exhibit. 
Has there not been a misunderstanding here, as is. frequently the case, 
in the use of the word "vibration~" Some persons wrongly consider 
the raising and depressing of the wing as two vibrations, and reserve 
the term of ''simple vibrations" for one or the other of these isolated 
motions. On the contrary, if we follow the usage most generally 
adopted, the two motions together, by which the body is again in its 
original position, should be considered as a single vibration. 
The previous observations which we have made on free flight, and 
on flight under restraint, somewhat curtail tl.Je range which ·we are 
tempted to accord to these numbP-rs. The animal, according as it desires 
to move with a greater or less rapidity, can change at will_ not only the 
extent of its wing-strokes, but also, to a certain extent, their frequency. 
Fatigue may exercise an analogous influence to that of the will; after very 
rapid motions, the exhausted animal diminishes the number of its strokes, 
which sometimes falls to a fourth or a fifth of its normal value. It con-
tinues to relax them more and more until a period of repose and repara-
tion permits it to resume its usual flight; nevertheless the examination 
of these numbers suggests some general considerations. We have 
reason to think that each of the muscular eon tractions which determine 
the drawing- down of the wind is the result of a single impulse, (Zuckung. 
of the Germans,) although in man contraction is due to successive im-
• pulses which are merged in one another when they are produced more 
frequently than 30 times in a second. Among insects the limit of fusion 
of impulses is infinitely more remote, and ends with leaving the wing 
immovable in a sort of permanent tetanic contraction. It is easy to 
assure ourselyes- of this by means of living insects, or better, by means 
of the artificial insect which I have eonstructed. When the impulses 
become too rapid, their extent diminishes; at this moment t~ey uo longer 
serve for the propulsion of the animal, whose wings appear quite immov-
able or merely agitated by a light tremor. Nevertheless, the number of 
muscular waves which the fibers of inseets will admit without inter-
mingling, a number which in the fly amounts to 300 per second, forms a 
. physiological fact, very interesting to note. Among other animals tl).e 
limit is not so remote; among birds fusion is produced after 75impulses; 
among mammals after 30, and among reptilia after only 4. These dit:. 
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erences correspond, in virtue of the relations which I have long since 
explained to you, to analogous differences in the rapidity with which 
the elementary impulse traYerses the muscular fiber of these different 
animals. The muscular fiber of the insect will then be characterized, 
physiologically, by the property which it possesses of furnishing a con-
siderable number of distinct impulses, as well as it is anatomically 
characterized by its relative size and its striation. 
The graphic process which enables us to judge of the frequency of 
the strokes, also permits us to show tlw perfect synchronism of the play 
of the ·wings. For this purpose it is necessary to choose an insect 
of which the amplitude of the wing-vibrations is large, so that in their 
moment of greatest elevation they may nearly meet above the dorsal 
region of the animal. If the insect is placed near enough to the regis-
tering c.vlinder, the dorsal region turned toward the blackened surface, 
it is clear that at the moment when tlw \Yings approach each other they 
will leave their traces on the paper, thus describing a series of loops and 
curves, of which the perfect corre~pondence proves the synchronism of 
the motions from which they originate. 
Fig. 3. 
Simultaneous tracings of the wings of a wasp in short flight. The perfect syn-
chronism of the two wings wHl be ob~:>erveu. 
Furthermore, we can convince ourselves that a sort c!f neccs~ary con-
nection exists between the mo~ions of the two wings. If we throw an 
insect violently upon the ground, so that it is stunned and can no longer 
execute voluntary motions, we observe that, by producing motions in 
one of the wings, the other follows, to a certain extent, the movements 
inflicted on its fellow. If one of the wings of an insect is depressed, the 
other also bends down; if one be raised the other elevates itself. Cer-
tain species, especially the wasp, lend themselves very readily to this 
experiment. According to Chabrier, the autlwr of an extensive work 
on the mechanism of the flight of iusects, synchronism cannot fail to 
exist. This author considers the depression of the wing as the only 
effective portion of the stroke; its elevation is a passive phenomenon due 
to the action of physical forces. In fact, after the depression each dor-
sal arc of the thorax is deflected like a bent bow, and when the muscu-
lar contraction ceases the bow springs back in virtue of its elasticity, 
aud the wing is raised. Now, if the pressure did not act simultaneously 
on the two extremities of the bow it could not be flexed as it is, and the 
mechanism which we suppose would be impossible. The reality of this 
synchronism is, then, a strong proof in favor of this manner of under-
standing the motion of the wing. 
After having determined, in a general manner, the frequency of the 
vibrations of the \Yiug, we seek to know the variation produceu in the 
number of these vibrations by agents capable of influencing the activity 
of the animal. In the first rank of such agents must be placed heat and 
cold. We know that warm, dry weather is essential to insects, espe-
cially coleoptera, to enable them to fly well; special observation bas 
coufirmeu tllis fact. \Ve are able to state that, within certain limits, the 
frequency of the strokes is augmented with an increase of the tempera-
ture, and tllat they become slower under a gradual increase of cold. 
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ll.-FORM OF THE M01'IONS OF THE WINGS. 
After having studied the frequency of the vibrations of the wings, 
it is necessary to study their form. For the end which we desire to 
obtain-that is, to arrive at a theory of the flight of insects-the most 
important element to comprehend is that which we now proceed to in-
vestigate, namely: The form of the tr~jectory which the wing describes 
in space instead of the rapidity with which this trajectory is described. 
In order to arrive at this determination we shall have recourse to two 
processes which will reciprocally correct each other-the optic method 
and the ordinary graphic method. 
Optic determination of the movmnents of the u:·ing.-vVhen a brilliant 
body moves with rapiditJ~ it leaves upon the retina a kind of luminous 
train which acquaints us with the trajectory through which the body 
bas passed. Children sometimes amuse themselves in producing the 
most varied figures by brandishing in the air a stick having one end on 
fire. It is on this principle that the apparatus known in physics under 
the name of Wheatstone's calidrophone is founded. This is a rod, fast-
ened upright on a heavy foot, to which complex vibrations may be given, 
and to the ends of which a brilliant metallic bead has been affixed. If 
the rod is put into vibration the brilliant bead describes in space lumin-
ous figures which vary with the different combinations of the vibratory 
motions. If a brilliant spangle can be attached to the extremity of the 
wing of an insect, this spangle, traversing without cessation the same 
points in space, leaves a continuous luminous figure, exempt from the 
imperfection which is caused by friction in the case of the graphic cyl-
inder. The extremity of an insect's wing can thus be rendered brilliant 
without mutilating it in any way; it is sufficient to place upon it a drop 
of varnish, to which a small piece of gol<l-leaf is applied. The varnish 
dries so rapidly that the insect cannot throw oft' this little reflector of 
light, and nothing more is necessary tllan to hold the animal in a fixed 
position to observe the play of light upon the small brilliant surface. 
Under these conditions the bee and the wasp furnish a well-marked 
"figure of eight." 
Fig. 4. 
Aspect of a wasp, the extremity of whose primary wings has been gilded. The animal 
is supposed to be placed in a ray onight. 
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The figures of eight are more or less widened or compressed according 
to circumstances. Sometimes the point of the wing seems to move 
almost in one plane. In the dragon fly (Libellula) a :figure of eight is also 
observed, out much more elongated; the loops are narrow and laterally 
compressed. With the ]Jacroglossa gali~tm it sometimes seems as if the 
preceding form had disappeared, and is replaced by a se>rt of ellipse. 
However, in examining it closely it is soon perceived that this ellipse is 
surmounted by a little loop, very slightly developed, relathTely to the 
curve which supports it. It seems that one of the loops is enlarged at 
the expense of the other, but this last has not entirely disappeared, and 
the vestige what remains testifies to the persistence of the figure of eight 
which is encountered in most other cases, and which may serve as the 
gener:;~l type. 
Changes of the plane of the wing.-The luminous figure which the gilded 
wing of an insect gives in its motions also shows that, during the alter-
nate motions of flight, the plane of the wing changes its position in 
relation to the axis of the body of the insect. During the period of 
elevation the upper face of the wing is directed backward, while it turns 
a little forward during its descent. In fact, if we gild a large extent of 
the upper face of the wing of a wasp, taking care that the gilding shall 
be limited to this face, it is seen that the insect, placed in a ray of 
light, ghTes the figure of eight with a very unequal intensity on the two 
sides of the image, as is seen in the preceding figure. It is evident that 
the cause of this phenomenon is found in a change of the plane of the 
wing, a change in consequence of which the angle of incidence of the 
solar rays, while favorable during the ascent of the wing, is unfavorable 
during the descent. If the. animal is turned so that the luminous figure 
is observed inversely, the figure of eight presents, in an inverse position, 
the striking inequality of its two halves, catching the light in a portion 
which was just before without it, and losing it where it had previously 
shone. "\Ve fnrther find, in the employment of the graphic method, 
new proofs of the changes of plane in the wings of insects during flight. 
This change of plane is of great importance, for in this rests, as we 
shall see, the immediate cause of the propulsion of the body of the an-
imal by the application of the motive force. 
lYiethod of contact.-Does the extremity of the wing really describe 
this double loop which we perceive, or is this form the result of an opti-
cal illusion-a play of light~ Though such an objection is hardly 
probable, it is necessary to refute it. To assure myself more entirely 
of the reality of the displacement of the wing than the optic method 
rendered perceptible, I have introduced, while the wing was in motion, 
the extremity of a little bodkin into the interior of the loops of the fig-
ure of eight, and I have established that in the interior of these curves 
free spaces really exist, of a funnel shape, in which the bodkin pene-
trated without encountering the wing, while if I attempted to touch 
the intersection· where the lines cross the wing immediately struck 
against the bodkin, and fight was interrupted. Still greater precision 
can be brought to bear on the appreciation of these motions, and, know-
ing that the wing describes a double loop, it may also be known in what 
manner it transverses the branches. It is sufficient to bring near to 
the wing in motion a leaf of paper blackened on both sides; the wing, 
in pursuing its course, strikes against one of the sides of the paper, and 
the trace which it leaves testifies to the manner in which the motion is 
accomplished. 
Graphic method.-This method is not applicable to our problem with-
out important modifications. We have just seen that it is difficult to 
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obtain tracings of any extent, because the wing cannot remain long in 
contact with the blackened cylinder, which it leaves and approaches 
successively. Under these special conditions it is necessary to have 
resource to an artifice, and since it is impossible to obtain a satisfactory 
trace at a single stroke, we should try to divide the difficulty and sepa-
rate the operation into several periods. The preceding experiments sim-
plify the interpretation of the tracings very much, and we can recon- -
struct the figures which the optic method has indicated from the slender 
elements which they afford. I have considered in the complete course of 
the wing of an insect, such as is represented in Fig. 4, three distinct 
zones, of which I have obtained the tracings separately; an inferior 
zone, corresponding to the lower portion of the figure of eight, a median 
zone, and a supedor zone corresponding to the middle and upper parts 
of this figure. Bringing together the tracings obtained in these three 
zones I have been able to reconstruct the entire curve. In registeting 
the tracings of the median zone, figures much resembling each other 
are obtained, presenting the two crossed lines shown in Fig. 5. 
Fig. 5. 
Trace of the median course of the wing of the Maaroglossa galium, (Bedstraw sphynx-
moth.) 
The multiple tracings of the figure are formed by the fringed extrem-
ity of the wing, which presents many small points. The upper portion 
is in the form of a loop, as well as the part which corresponds to the 
lower course of the wing, and these three parts successively obtained 
gh-e, when united together, the complete representation of a figure of 
eight, such as is obtained in acoustics in registering by Kcenig's method 
the vibrations of a Wheatstone's octave rod; that is, a rod which vi-
brates twice transversely for each longitudinal vibration. T·he slower 
motion of the cylinder produces the condensation of the end of the 
tracing. 
Fig. 6. 
Trace of a Wheatstone's octave rod. 
The experiments can also be varied by obtaining, not the tracing of 
the point of the wing, but that of the anterior border of this membrane, 
striking laterally against the cylinder. It is clear that in describing the 
upper loop, this edge will approach the cylinder, then deviating; in a 
similar manner it will describe the lower loop, so that in its complete 
course it will rub twice against the blackened surface, and leave two 
white traces separated by an interval. This is observed in Fig. 7. 
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Fig. 7. 
This :figure shows from the tracing of the wing of a wasp the upper 
loop and the whole extent of one of the branches of the figure of eight. 
The median portion of this branch is only dotted on account of the 
feeble friction of the wing. We may, therefore, be permitted to con-
clude that if the trace of an insect's wing could be obtained entire at 
one operation, the same figure would be presented which we have seen 
described in space by the gilded spot on the wing of the wasp, namely, 
a figure of eight, which our ingenious acoustician, Krenig, was the first 
to obtain with a spiral Wheatstone's rod, m~kiug two horizontal to one 
vertical oscillation. 
It now appears to me sufficiently established that in the more ex-
tended motions of flight the wings of insects describe a :figure of eight 
in space. Furthermore, that the luminous figure which a speck of gold 
on a wing presents in its motions has shown us that the periods of 
ascent and descent of the wing are accompanied by a change of plane 
in that organ. It is this fact which will shortly enable us to explain the 
mechanism of :flight in insects. 
Ill.-MECTIANISM OF THE FLIGHT OF INSECTS-HOW THEY PROPEL 
TTIEMSEL YES. 
The preceding lessons have been devoted to the study of the frequency 
and the form of the strokes of the wings of insects. Yon have seen 
that the frequency varied in different species, and in passing from the 
butterfly, for example, to the house :fly, or the gnat, the Yariations may be 
considerable. The :flight of the butterfly is slow, the strokes of its wings 
succeed each other at considerable intervals, propelling it by bounds 
and jerks, and producing an irregular and capricious flight. The gnat 
darts with rapidity straight at its object, emitting along its path a clear, 
sharp, strident sound. Between these two extremes we :find all inter-
mediate stages. Furthermore, the same insect, under different condi-
tions, varies the rapidity of its motions within extensive limits; when 
free from all restraint its movements are rapid and precipitous, but 
when captured they are immediately relaxed, and. although the fre-
quency of the moYemeuts of the wing varies, the form of the motion 
does not change. It is in all cases the same, always a double loop, a 
figure of eight. Whether this figure be more or less apparent, whether 
its branches be more or less equal, matters little; it exists, and an 
attentive examination does not fail to reveal it. 
Before drawing from this fact the conclusions which it warrants; before 
extracting from it the solution of the problem with which we are occu-
pied-that is to say, the mechanism of flight-let us rapidly review the 
history of the question, and see how far previous authors have advanced 
in its solution. Without going further back, we find in the work of 
Borelli a chapter devoted to this subject, in which be considers the force 
which the bird or insect must employ to· sustain or move itself in space. 
v~ ~ 
• 
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He estimates that this force is enormous; that it iH, in the case of the birrl, 
more than ten thousand times greater than the weight of its body. We still 
:find this exaggeration in recent works. The academician Navier, falls 
into an analogous error, · and after him M. Babinet accords, in his turn, 
a power to the inhabitants of the air far superior to that with which 
they are gifted by nature. However, by the side of these er.rors we find 
a great number of correct ideas, since confirmed by observation. Borelli 
knew that the principal motion of the wings was an elevation and depres-
sion, executed in a vertical plane, and he asked himself how it was pos-
sible that this motion, which, it seemed to him, could only serve to ele-
vate the animal or to depress it, should nevertheless contribute to on ward 
motion. For this, it was necessary that the vertical force should be 
changed into a horizontal force. Examples of this transformation are 
frequent. If a wind blowing horizontally strikes against a flat board 
inclined forward at an angle of, say, forty-five degrees with the horizon, 
the action of the wind will tend to throw it backward and upward; or, 
if the board is moving forward with a momentum, it will tend to elevate 
it. We hav·e here an illustration of a well-known principle of mechanics 
-the ref:lolution of a single force by au inclined plane into two forces-
.· wl1ich gives in IJart a11 exPlanation of the flight of insects and of water 
birds. But insects have four wings instead of two. Is the office of these 
four organs the same ; and if not, in what do they differ~ Borelli does 
not treat of this question. It it discussed, however, in a particular 
case, by an anonymous author, who has left us an interesting manu-
script on the habits of bees. This work, intended to complete and to 
correct the work of Reaumur, came from the Condamine Library, and 
belongs to l\1:. Harnet. . The author has observed bees at the moment 
when they hum at the mouth of the hive, trying to enter it and deposit 
their treasure. In examining the play of light on their trembling wings, 
he thinks that he saw the upper pair alone alternately raised and 
depressed, while the lon:er pair were animated only with a feeble hori-
zontal motion. Here the question seems to have been abandoned, 
although the interest with which it is now regarded is far from incon-
siderable. Beside the interest which it offers from the purely scientific 
point of view, in the mechanism of a function as widely employed as 
aerial locomotion, still another interest is attached to this study. The 
insect and the bird realize one of the oldest and most unsuccessful aspi-
rations of the ambition of man. All space belongs to them; they go and 
come in the aerial ocean, while he is chained by his weight to the earth. 
Man has sought by various methods to escape from this confinement. 
The knowledge of the processes b,y which nature attains the end to 
which he aspires, would perhaps have spared him many fruitless attempts 
and loss of much time and great waste of invention. In 1823 a work 
appeared in whicll this question of aerial locomotion is treated ex professo, 
a.ml no longer in an incidental manner. The author, the Chevalier de 
Chabrier, studied the conditions of mobility of the wing, and arrived at 
the solution of an important question: how muscular action is trans-
mitted to tllis movable organ. Is it directly, or by some intervention 1 
The muscle, responds Chabrier, is not ~irectly attached to the wing; it 
acts upon the arch of the back. When it contracts, the curvature of this 
arch is augmented; when it relaxes, the back returns to its original 
curve, like an unbent bow. In the motion of the wing, therefore, tllere 
is only one active period, the moment of depression; the period of ele-
vation is passive. Elasticity, thereforA, plays an important part in this 
funetion. Here, as in all mechanical organs, it absorbs and then gives 
out power; it regulates speed and prodllces continuity of motion. 
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But Chabrier was soon carried away by an exaggeration similar to 
that of Borelli and of Navier, though in a contrary direction. Accord-
ing to him, an insect needed an insignificant force for its propulsion in 
space. No effort "\\as necessary to sustain it in the atmosphere; the ani-
mal floated there like an inflated balloon. In order to fly, it filled its 
multitude of respiratory canals with air, and this, becoming heated, raised 
the animal as it elevates a hot-air balloon. It is not necessary to say 
that this conception of an cterostatic insect is an error. Without doubt 
an insect, before attempting a flight, lays in a quantity of air by a sud-
den respiration, but this provision of air contributes only an. insignifi-
cant part toward the end which Chabrier assigned it. 
The greater portion serves to prepare the organs of flight for the opera-
tion of their function. J urine, of Geneva, in particular has shown that 
the nervures of the wing membranes are small tubes, which only acquire 
the rigidity and extension necessary to flight by inflation with air. "\Ve 
must refer to another contemporary, Strauss Durckeim, to find the ele-
ments of the theory to which my observations ha-ve conducted me. In 
his book on the Theology of Nature, a -vast chaos of ingenious ideas, in 
which some profound, among many puerile, thoughts are to be found, there 
are many facts essential to the solution of our problem. Strauss 
Durckeim has conceived the ideal type of the insect-wing, the diagram-
matic wing; that is to say, has reduced the organ to its essential parts. 
It consists of a rigid nervation or frame-work in front, a flexible "·eb 
behind; this is all the apparatus. An apparatus thus constituted pos-
sesses the essential requisites for flight; otherwise constituted it will not 
serve this purpose, as is the case with the false-wing of the Phryganiclw, 
which has its principal nervation hehina. It is enough that such a 
structure should he made to rise and fall successively; the forward 
border being ridged and the other flexible, it naturally disposes itself in 
an inclined position, receiving the reactwn of the air obliquely, and 
thus transforms a part of the vertical impulse into a horizontal force. 
The two parts of the wing abo,Te mentioried are both indispensable in 
the same degree their respective offices complement each other in pro-
ducing a single result. Ingenious experiments, due to M. Girard, throw 
light upon these facts. Destroy the anterior nervation, -without remov-
ing the thin membrane, and the insect cannot fly; destroy the flexibility 
of the membrane by covering it with gum, and flight also becomes im-
possible. IIere we cannot urge the objection that the superincumbent 
matter interferes by its weight-like a burden which weighs down the 
animal; for, following out the experiment, 've see that as soon as the 
coating becomes dry, small fissures are produced, flexibility reappears, 
and with it the possibility of flight returns. These observations assist 
us in comprehenl1ing the part which the anterior portion of the wings 
of the Phrygani<lw play; which constitute the analogue of the stiff 
nervure, while the hinder wings represent the flexible membrane. The 
two wiugs of an insect thus complement each other. 
I shall not further prolong this retrospeet. I have limited it to the 
essential ideas entertained by our predecessors, and to those which will 
serve us in the future. The preceding experiments, joined to those 
which yon have seen performed under your own eyes, seem to me to 
establish the following facts, namely: The motions executed by an 
insect during flight are limited to an elevation and a uepression of the 
wings. It is true that other motions take place in the wings of insects. 
They are seen to move backward, and in repose to extend parallel to 
the axis of the body. \Ve also see insects moving their wings backward 
and forward in preparation for flight. But these motions are not directly 
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connected with aerial locomotion. The dragon-fly, (Libellula,) which pro-
pels itself so rapidly, exhibits none of these lateral movements; its wings 
move exclusively in a vertical plane, as if tbey turned on a hinge. But 
we have seen, in the optic method, tl:!at tl:Je course of the wing in 
space can be followed by gilding its extremity, and placing it in a ray 
of sunlight. Now tl:Jis arrangement furnishes us with a :figure of eight, 
and -we further know that during each complete vibration the wing 
changes its inclination twice. These movements are not controlled di-
rectly by the muscles. They are the mechanical effects of the resistance 
of tbe air acting alternately on the upper and lower surfaces of tl1e 
wing in its alternate movements. vVhen the wing leaves the upper 
limit of its position, it inclines neither to one side nor to the other, its 
plane being parallel to the length of the animal. But when the impulse 
of the air is exercised, or as soon as the wing begins to be depressed, 
the rigid portion, the anterior nervation resists flexure, ,,.hile the tlex-
ible membrane which follows it gives way; drawn down by the nerva-
tion which lowers it, elevated by the air TI'hich uplifts it, this membrane 
takes an intermediate position; it inclines about 450, more or less, accord-
ing to circumstances. The wing continues its downward motion thus 
inclined toward the horizon. Thus the reaction of the air, which com-
bines its effect and acts perpendicularly upon the surface wbich it strikes, 
can be decomposed into two forces, a vertical and a horizontal force; one 
serving to elevate, and the second to provel the animal. After this 
:first period the wing membrane will bave arrived at the end of its 
course; the direction of its motion is changed, its action is reversed. 
A moment of repose, infinitely short, separates tllese two phases, during 
which the wing resumes its normal position parallel to the axis of the 
body. The nervure draws it up again, the air resists as before, and 
from this conflict results a position between the horizontal and the Yer-
tical-an inclination of 45°. This second period contributes as did the 
:first, to locomotion. How remarkable is tbe simplicity of apparatus by 
which the desired end is attained! 
The horizontal force which is generated by the inclination of the plane 
of the wing is transmitted to the body of the animal and helps to push 
it forward. But as the body of the insect does not instantaneously take 
up the motion which is imparted to it, a part of this force is expended 
in curving the nervure of the wing which, at the same time that it is 
lowered, is pushed forward. Here is an artificial wing of large size con-
structed in accordance with the type which we have described; an ~tu­
terior nervation represented by a stiff rod, with a membrane behind 
formed of paper pasted upon its edge. Try to strike down an ol~jt>ct 
immediately before you, and you will not succeed. If you strike at an 
object before you with a downward blow the wing will be res:sted by the 
air, and it will deviate greatly from the point at which you are aim-
ing. From this de·dating motion of the wing from the change of plane 
which it effects, the looped figure which it describes evidently results. 
It is the combination of these motions which generates the figure of 
eight previously described. We can now safely say that the two exper-
imental facts are now interpreted by our theory. 
A very slight differenee has been observed betv,Teen the two sides of 
the wing in certain insects; the lower surface is less polished than the 
upper; it is furnished with rugosities, hairs, or points, which, according to 
Chabrier, give more hold on the air and reduce the loss of force by slid-
ing. This disposition may contribute to insure the predominance of the 
useful effect of the lowering over the elevating motion. Furthermore, 
this predominance of the depressing action of the wing does not exist 
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in all insects. These find that force as well in the veriod of elevation of 
the wing as in the periou of its depression, turning almost horizontally 
the plane in which their wings move. The numerous varieties which 
the mechanism of flight presents among the species of insects wlrieh we 
have observed will be studied later; they do not conflict with the funda-
mental principles which I have just announced. 
The mechanical conditions which we have jnst passed in review I have 
realized in a theoretical apparatus, from which I have obtained the same 
results as afforded by living insects. This artificial insect is represented 
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An air-pump, moved by a rotary apparatus, alternately compl~?sses 
and relaxes the air in a tube which traverses the central pivot of the 
apparatus, where a sort of mercurial gasometer hermetically seals it 
while permitting the free rotation of the arms. The horizontal branch 
is hollow, and conducts the air into the apparatus, which is closed by a 
lwllow metallic drum, of which the two circular faces are closed by two 
sheets of rubber. By the play of the air-pump these two sheets are 
inflated or contracted both together. They communicate the rapid mo-
tions of elevation or depression to the wings by two angular levers. 
The wings, presenting, like those of an insect, conditions of unequal 
flexibility, decompose the resistance of the air, and impart to the appara-
tus a rapid rotary motion around the central pivot. 
T magine two artificial wings, as nearly alike as possible, both inserted 
on one of these little drums, which I have frequently described. They 
receive through this drum absolutely synchronous motions of eleva-
tion and depres~ion. This apparatus is fixed at the extremity of an arm 
balanced by a counterpoise, and turning upon a pivot. This arm is 
hollow, furnishing a canal by which the effect of inflation can be trans-
mitted to the movable drum of the wings. We may consider the clrum 
as representing the body of the insect, and nothing prevents us from 
really giving it the shape of this animal. The rigid nervures, furnished 
with flexible membranes disposed to the right and left, will be the two 
wings., and the animal, instead of being free, will be fixed at the extrem-
ity of a movable rod ; there is, therefore, only a single motion possible, 
which is that of turning around the pivot, carrying the attached rod with 
it. In effect, if I put the air-pump in motion, the artificial insect moves, 
flaps its wings, and really flies. At each stroke there is a change of 
plane of the alar membrane; at each stroke the point of the w:ing de-
scribes a figure of eight; and in a general way this theoretical animal, 
this artificial insect, reproduces all the particulars which the observation 
of real insects has revealed to us . 
. This apparatus affords many other advantages besides those of veri-
fying theoretic ideas. It enables us to make new experiments, to which 
living beings will not lend themselves. ""Te can change one of the con-
ditions, for example the form of the wings, their extent or the rapidity 
of the stroke, or any other of the circumstances, while all the others 
remain constant; we may thus discover the influence which each of them 
singly may have on the mechanism of flight. It is by such experiments 
that we can assure ourselves of the following fact. In the course tra-
versed by the wing there is only one region useful in the propulsion 
of the insect; that is the median region. In the two extreme portions 
the wiug has not experienced that change of plane which renders its 
action effective. Thus we see if we diminish the extent of the motions 
of the wing, the traetile power produced by the apparatus diminishes 
considerably, and finally ceases altogether. If the membrane of the 
wing is too broad, another phenomenon results. The hinder edge of the 
wing remains almost immovable in space, especially during motions of 
sm~-:.ll amplitude; the nervure only is animated with rapid motion. The 
air, therefore, is struck by planes inclined inversely to those which act 
upon it in normal flight, so that the apparatus retrogrades and turns 
arouud its pivot in a direction contrary to its usual motion. 
Experimental flight also shows the adaptation of certain forms of 
wings to obtain the most rapid translation of motive force. These are 
precisely the forms which we find in nature. The nervure of insects 
does not carry the wing membrane back to its point of insertion. Those 
parts near the articulation have little vitality; they contribute very little 
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toward a. useful result, embarrassing the neighboring parts, without com-
pensation of any kind. The membrane should not exist except wlwn 
vitality itself exists in a corresponding degree. Finally, the extent which 
the alar membrane should have, to best utilize the disposable force, can 
be determined experimentally. l\1. de Lucy has compared, in the case 
of a certain number of animals, the surfaces of the wings to the total 
weight of the body. He finds an extent of 30 square millimeters iu ~ 
gnat weighing 3 milligrams; 1,663 square millimeters in a butterfly 
weighing twenty centigrams; 750 square centimeters in a pigeon weigh-
ing 290 grams; 4,506 square centimeters in a stork weighing 2,265 grams; 
8,543 square centimeters in an Australian crane, weighing 9,500 grams. 
But to facilitate the comparison it is necessary to reduce these figures 
to a common measure; and, in spite of the barbarous phrases to which 
they lead us, we obtain : 
Square meter8. 
The kilogram of the gnat represents ........ _ . . . . . . . . . . . . . . . . 10. 0 
The kilogram of the butterfly represents........... . . . . . . . . . . 8. 0 
The kilogram of the pigeon represents .. _ ... __________ ._..... 2. 58G 
The kilogram of the stork represents ___ . _____ . _ . _ ... _ . . . . . . . . 1. 988 
The kilogram of the Australian crane represents ..... _ . . . . . . . 0. SD9 
The extent of the wings, therefore, is not proportionate to the size 
of the animal. A wing beiDg giyen, a maximum rapidity of stroke cor-
responds to it. To augment the rapidity of the stroke, in hope of indef-
initely accelerating the rate of flight, would be illusory; it is possible 
to af'.celerate it up to a certain point, but beyond this maximum limit 
additions become useless. Increasing progressively the aetion of the 
air-pump, the strokes of the wings are more rapid, and at first the rapidity 
of flight will be augmented. Uontinue the increase, and the rate of flight 
diminishes. The amplitude of the motion also experiences a cmlsider-
able reduction, so that at the limit the wings appear motionless, or 
animated only by a slight quiyering. Passing this extreme limit, the 
apparatus retrogrades. A ghTen wing then corresponds to a fixed rate of 
progressive strokes; for, by the effect of inertia, the frequency of the 
strokes is increased only at the expense of their extent, and, when the 
extent diminished, the propelling force diminishes with it. I leave to 
yourselves the task of explaining these facts, which are the simple con-
sequences of tile principles I ba,Te pre\iously explained. I also leave to 
yon the comparison of the mode of progression of insects with the other 
modes which are seen in other animals or in ·various mechanical contriv-
ances. You will discover almost everywhere the mechanism of the 
revolution of forces on the principle of the inclined plmte. Yon will find 
it iu the motion of the tail of a :fish, the principal organ of its locomo-
tion; in the sculling motion of a waterman's oar, and even in the screw 
of_ a steam propeller. 
IV. FLIGIIT OF lliRDS. 
By the simple inspection of a bird's \ving it is easily seen that its 
mechanism for flight is not the same as that of an insect. Let the 
manner in which the feathers of birds are laid, one over anoth«:>r, be 
observed, aud it will be evident that the air resists the motion of the 
wing only from below, so that in au inverse direction it finds an easy 
passage between the long beards of the feathers, which, in this motion, 
are no longer pressed together. This well-known arrangement, the 
effect of which Prechlt• has clearly pointed out, Las led to the belief 
'~ Uutcrsuchuugcn tiber <leu Flng der Vogel. Svo. Vienna, 1846. 
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that to sustain the bird against graYitation the wing neeas only to 
oscillate in a vertical plane, in consequence of the predominance of the 
resistance of the air acting fi.·om below over that acting conversely. 
Before discussing the value of this hypothesis, it is necessary to 
a.scertain whether the wing of a bird really oscillates only in a \ertical 
plane. \Ve thus find presented to us, as at the beginning of our studies 
on the flight of insects, questions which experiment alone can anS\Yer. 
The problem nevertheless presents itself here under definite conditions. 
I1~rom its much larger body than that of the insect, and from our better 
knowledge of its anatomical conformation, the bird offers to us the 
means of study and experiment of another description. I shall exhibit, 
as far as possible, the 11ature of the muscular force of the bird, and the 
influence which the particular arrangement of its muscles and the form 
of its wings exerts upon flight. '_rhe methods of myography renders 
the analysis of the different forms of motion produced by wings so easy 
that it has been of great assistance in these researches. 
Comparative anatomy exhibits the analogue of the anterior limbs of 
mammals in the bird's wing. Heduced to its skeleton the wing presents, 
like the human arm, the humerus, the two bones of the fore-arm, and a 
rudimentary hand in which the metacarpals and phalangeR are to be 
found. The muscles also offer numerous analogies ,-vith those of the 
anterior limbs of man. Among others, some have such an analogy of 
aspect and function that they can be designated by the same names. 
ln short, in the case of birds, the muscles which attain the greatet:.t 
de,Telopment are those which act in extending or flexing the hand on 
the fore-arm, the fore-arm on the humerus, and, finally, of moving the 
humerus, that is to say, the whole arm upon the articulatiou of the 
shoulder. 
Among most uirds, especially of 'the large kinds, the wing appears to 
remain always extended during flight. So that the extensor muscles of 
the different parts of the wing serve to give that organ the posture 
necessary for flight, and to maintain it in that position, while the motive 
work is executed by other and much stronger muscles than the pre-
ceding, Yiz, the pectorals. All the anterior portion of the thorax of 
birds is occupied by powerful masses of muscle, and above all by a great 
muscle which, from its being attached to the sternum, the sides, and 
the humerus, is evidently the analogue of the great pectoral muscle of 
man and other mammalia. Its office is clearly to draw down the wing 
quickly and ~:;trongly, and to take sufficient hold on the air to sustain as 
well as to move the whole body of the bird. The middle pectoral is 
found below the great pectoral; without an analogue in other kinds of 
animals, this muscle serves to raise up the wing. Lastly, the small 
pectoral passes externally from the sternum to the humerus ; it is an 
accessory of the great pectoral. It is well known that the strength of a 
muscle is in proportion to its volume, and as the pectoral muscles of a 
bird are about one-sixth of its total weight, we readily comprehend 
that it is upon these powerful organs that the principal duty in the act 
of flight devolves. Borelli endeavored to deduce from the volume of . 
these muscles the force which the bird employs in flying, and concluded 
that this equals 10,000 times the weight of the body. I will not stop to 
refute the error of Borelli, which so many others have called in ques-
tion, \Yhile they endeavored to substitute for the figures of the Italian 
physiologist estimates which will scarcely be more easy to prove. 
Tlw great discrepancy which exists between the different estimates of the 
muscular power of birds shows that the attempts at measurement were 
premature. If we wonld make a true estimate to-day of the power 
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exerted by birds during flight, it would be necessary in the first place 
to demand from physiological experimentatiou all the facts of the prob-
lem. The estimate in question presupposes an acquaintance with the 
motions of the wings, with their form, their extent, and their rapiclit.y 
at each instant; it also supposes a knowledge of the extent of the 
surface of the wings, their curve, and the angle at which they strike 
the air. This problem, then, will perhaps be the last which we can 
hope to solve; but we can stud_y at present, from other points of view, 
the strength of the muscles of the bird, and estimate some of the char-
acteristics with which it is manifested. 
A measure of the maximum effort which the muscles of birds can de-
velop can already be obtained experimentally. This measure may indeed 
fail to correspond with the efforts developed in flight, but it may prevent 
us from falling into the exnggeration which would attribute to the muR-
cles of the bird a force superior to the maximum effort mf 'vhich they 
are capable. 
Of the static force of the 1nuscles of bi1·ds.-In physiology the static force 
developed by a muscle is measured by seeking the maximum weight 
which this muscle can raiRe. This determination bas bern made by 
\Yeber,* on the muscles of the frog; by Henke and Kuortz,t aud since 
by Koster,+ on the muscles of man. The maximum weight in these ex-
periments was about one kilogram per square centimeter of mnscular 
section, according to Weber ; of fiye to llenke and Knortz; of seyen, ac-
cording to Koster. If the estimates of Borelli, aud even those of Nayier, 
were ~orrect, we ought to find in the mu.-scles of birds a much more 
con~id.erable static force. On the contrary~ it does not appear to me 
that this force surpasses that of the muscles of the mammalia. I have 
already showu that the weight of one kilogram, placed on the \ring of 
a pigeon at the articulation of the arm with the fore-arm, cannot be 
raised by the voluntary efforts of the animal; also, in certain experi-
ments in which we hold a bird immo-vable, an excellent means of testing 
the weight consists in putting the bird on its back, the wings extended, 
and attaching to each wing a bag containing a kilogram of shot. 
I wished, however, to have a more precise measure of the strength of 
the p~ctoral muscles. For this purpose a hood winked harrier was 
placed on its back in the position just described. The application of the 
hood plunges these animals into a sort of trance, <luring which all sorts 
of operations can be performed on them without their betraying any 
unpleasant sensation, except by reflex movements. I denuded the g-reatj 
pectoral and the humeral region, tied the artery, and disarticulated the 
first joint, removing the remainder of the wing. I then fixed. a cord te 
the extremity of the humerus, and at the end of this cord the basin of 
a balance, into which shot was poured. The body of the bird being 
perfectly motioule::;s I excited the muscle by inducing interrupted cur. 
reuts of electricity, and while artificial tetanus was produced, an assist-
ant added more shot, until the force of contraction of the musele was sur-
mounted. At this moment the weight supported was 2 kilograms, 380 
grams. Now, the arm of the lever at the end of which this weight had 
been placed was of the same length as the humerus, that is, about D cen-
timeters, the measurement being the length between the attachment of 
the cord and the center of motion of the humeral articulation. The arm 
to which the power is applied is evidently much shorter, and is more 
difficult to measure. In the first place, the attachment of the great 
"'Yagner's Ilan<lworterbuch der Physiologic. 
t Die grosse der a.bsolutcu musskelkra.ft in Reule and Pfeufer, t. XXIV. 
t Archives neerlandaises, 1866, p. 11. 
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pectoral muscle extends about 3 centimeters in its longest direction. If 
we supposed the muscular force applied to the middle of this liue of 
attachment, the leverage of the power would be about 17 millimeters. 
The weight lifted and the muscular exertion, both multiplied by their 
respective le\-eragc, are eqnintlent to each other. It follows that the 
real value of the power of the bird is 238~;Do; which gives 12k.GOO for 
the entire force of the great pectoral muscle. Dividing this number hy 
9 c q' 7, Yfhich represents the surface of the section of the muscle, we 
obtain for each bundle of muscle of the bird, haYing one square centi-
meter of sectional surface, a power of 1,298 grams. 
The small result which I have obtained may be affected with certain 
causes of error. In the first place, I bad not cut the tendon of the 
middle pectoral muscle which elevates the wing. It may therefore be 
objected that, as the electric currents have radiated throughout the 
deeper regions of the thoracic muscles, and haYe excited the elevator 
muscle of the wing of which the action is antagonistic to that of the 
great pectoral, that is to sa,y, acting in the same direction as the weight. 
has sensibly diminished the force necessary to neutralize the power of 
the former muscle. It may also be said that the electric agent caunot 
produce as pOTI'erfnl an effort in the muscle as that evoked by the will. 
Admitting that tht>se objections are all well founded, let us double, or 
even quadruple the force which I have assigned to the muscle, n.nd still 
we shall not equal the result that Koster attributes to the specific force 
of the muscle of man. Thus, in spite of the want of precision in the 
experiments which I have made, I believe the proofs can be found iu 
them that there does not exist in the muscles of birds a notably greater 
power than that foun(l in those of other animals. 
One of the most striking peculiarities of the action of the muscles of 
birds is the extreme rapidity with which in them is evohTcd force. Of the 
different kinds of animals of which I have determined the character of 
their muscular action, the birds have exhibited the most rapid move-
ments. The curve of motion which a muscle produces can be regisfered 
by myography, and thus the duration of its contraction and relaxation 
can be estimated. If we make use of electricity or any instantaneous 
motor, on the nerve of a muscle, or on the muscle itself, a motion is 
evoked of which the duration varies according to the species of animal 
experimented upon. This motion, which I have called the ?n/wwular 
shock, to distinguish it from the prolonged contraction "·hich takes place 
under other circumstances, lasts in the muscles of the tortoise a second 
or more; in man it lasts at least six or eight hundredths of a second, 
and iu birds it endures about four-hundredths of a second. Tilis rapidity 
is an indispensable condition of flight. In fact, tbe descending wing 
can only obtain sufficien·t bold on the air by moving with great speed. 
The resistance of the air to a plane surface pressing upon it sensibly 
increases as the square of the velocity with which the plane descends. 
To have powerful muscles would be of no use to the bird if they acted 
slowl~-; their force would be wasted for want of resistance, and no 
results would be produced. It is otherwise with terrestrial animals 
which run or gallop over the ground; they definitely utilize their mus-
cular force in work by reason of the great resistance which they en-
counter. Rapid motion is necessary even to fishes; the watt>r in which 
they exist resists iu proportion to the rapidity with which it is struck by 
the tail and fins. If the muscular action is quick in the case of fishes, 
it must be much quicker in that of birds, which moYe in a much more 
rarefied medium. To e:s:plain the production of such rapid motion as 
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that exhibited in the motion of birds, it must be admitted that the 
chemical action which takes place in the substance of the muscle, and 
which generates heat and motion as in a machine, is produced more 
rapidly in the muscles of birds than in those of any other class of 
animals. I must be permitted here to insist on the consideration of the 
molecular phenomena of which the muscles are the seat, siuce we shall 
thus obtain more light upon our subject. Extending to organize(l beings 
the principle of the conservation of forces as well as tlw identity of 
power and heat, modern physiologists admit that a combustion takes 
place in the muscles as in the furnace of steam-engines. This com bas-
tion or chemical reaction liberates the forces wbieh the separate atoms 
contain, and renders tllem eYident under t\YO forms, beat and mechanical 
energy, wllich are in one sense the complements of eacll otller. When-
ever a muscle contracts without raising a weight or otherwise expending 
power, it becomes sensibly heated. If it raises a weight, or otilerwise 
expends power, it exhibits less heat, and this loss of heat, if it could be 
measured, would correspond to the mechanical equiYalent of the work it 
has performed. It is true that "·e cannot estimate exactly the heat that 
a living muscle disengages during contraction, for the circulation of tho 
blood carries off to different parts of the body more or less of tile heat 
generated. All the experiments of Beclanl, IIeidenhain, IIien, and 
others, tend to prove that the production of lleat diminishes ia propor-
tion to the increase of power expended in work. This is enough to 
authorize the application of the principle of the conseryation of forces to 
physiology, a principle, moreov-er, thoroughly justified by human reason. 
Two methods may be adopted in explaining the production of power 
from the chemical action wllich ~alms place in the museles. Either tile 
chemical action which we ha,-e called combustion liberates force sim-
ultaneously in the two forms of heat and power, or, as in tlle steam-
engine, beat is first produced to be afterward partially converted into 
power. Certain facts render this last hypothesis e:s:tremel~· probable. 
\Ve can detect, in some cases, in a muscle, the transformation of heat 
into power. The phenomena are manifested in the following manner: 
\Vhen the muscle of a frog is detached and mov-ements are excited in it 
by electricity, submitting it, meanwhile, to a gradual increase of tem-
perature, it is seen that the amplitude of the movements produced 
decrease up to a certain point, and that an instant arrives when the 
muscle will not react at all. This loss of muscular irritability is produced 
at about 33° Centigrade. If the muscle is gradually cooled it is seen to 
resume its irritability. What has taken place~ If the motious of the 
gradually heated muscle be carefully registered side by side with a 
number of shocks, it is seen that the deCTease of their amplitude is dne 
to the fact that the muscle "·hen heated does not return to its normal 
length after contraction. The minima of the cun·es are gradually in-
creased, showing that the weight lifted by each shock does not descend 
again completely. The power exhibited during the contraetion of the 
muscle is not entirely expended by the time the incomplete relaxation 
follows, and a certain amount of reserved. power remains, of which the 
cause seems to be the permeation of the muscle by heat. And "·hen the 
muscle, llcated above 33°, becomes inert, it is because it has obtained 
through the action of heat all the contraction of which it is susceptible, 
that is; it has expended all the power of which it is capable. Figure 9 
shows the different phases of this phenomenon. 
\Vhile tlle muscle is cooling a contrary result is produced, namely, 
the subtraction of an amount of heat equivalent to an amount of power 
expended, that is to say, a relaxation of the muscle and a descent of the 
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weight which it had ratsed. India-rubber possesses properties very 
analogous to those of muscular tissue, in regard to the transformation 
of heat into power. Take a strip or cord of non-vulcanized rubber and 
attach to it a weight. It stretches, a negative power is developeu, and 
Fig. 9. 
• l ~ ~ ~ i I ! I~ / .. 
• 7... l _:·- • • ~ 
.,. 
Showing the effect of heat on muscular contraction. (The figure should be read from 
right to left.) The first trace caused by the shock is quite high. The second is not 
so high, but this is partly due to the point from which the tracing starts, being more 
elevated, as well as tho horizontal line from which tho mark of the shock extends. 
This elevation of the point of departure proves that the muscle was in a state of con-
traction from the influence of heat. The same effect is more and more evident up to the 
fifth tracing, when the muscle is cooled, and .in its return to its original length the 
tracings of the shocks regain their normal size. 
conformably to the mechanical theory of heat you can perceive a notable 
increase of temperature in the rubber. Conversely, submit the rubber 
to an increase of temperature, and it will be seen to contract and lift the 
weight. But under these conditions the amount of power produced by 
the rubber is very small. It may, however, be rendered greater. About 
two years ago, Dr. Ran vier gave me an account of the following experi-
ment: He stretched a piece of rubber until it was fifteen or twenty 
times as long as before, and thus produced in it a passive state, in 
which it remained elongated even when traction was no longer exerted 
upon it. While in this state, if the rubber was touched with a warm 
body·, it became considerably thickened at the point of contact by the 
contraction of the part, and returned to its original length and thick-
ness. Placed in the hollow of the hand the passive thread twisted like 
a worm, and resumed its normal length and size in a few moments. 
Part of the phenomena exhibited in the experiment of Dr. Ran vier was 
readily explained. The heat applied to the rubber was transformed 
into power by it; but what was the passive state into which the rubber 
had been brought before the effect above described could have been 
produced? In repeating the experiment and considering the facts more 
attentively, I soon perceived that the duration of the traction to which 
perch a was submitted played an important part in the production of the 
passive state. If I stretched the thread to twenty times its original 
length and instantly relaxed it, it readily returned to its original 
condition; but if the contraction was prolonged thirty seconds, a minute, 
or longer, the thread left to itself contracted only partially. It became 
partly passive, and much more completely so when the traction was 
more prolonged. Now, the influence of the duration of the traction can 
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be rationally explained, if we recollect that the rubber becomes heated 
when stretched. vVe may then naturally suppose that the heat which 
appears upon its surface will disappear by degrees if the traction be 
prolonged; and if heat is necessary for ·the contraction of the rubber to 
its original dimensions, it will not contract entirely if a proportion of 
the heat disengaged in stretching has been dissipated. If this theory 
be correct, it will be easy to rapidly produce a passive condition of the 
rubber by quickly depriving it of its sensible heat. This is precisely 
what takes place. Stretch a thread of rubber, and plunge it into cold 
water, and it can instantly be taken out in a passive condition, frozen, 
so to speak, in a state of elongation. Heat it, and it returns to its 
original uimensions with the development of power. I hardly doubt 
that the physicist can obtain in the power thus developed the exact 
cqni ,·alent of the heat absorbed. 
vVe h::we strayed away from our subject, but we shall return to it with 
enlarged ideas which will enable us to analyze more completely the ac-
tion of the muscles. In fact, we have in the employment of the percha 
a sort of schema of the muscle. Now you are aware of what assistance 
can be derived from theoretical apparatus in the study of certain phe-
nomena which are presented with too much complexity, in the case 
of living beings, to be understood readily. The rubber will assist us 
to comprehend the manner in which the work of the muscles is per-
formed in animals in general, and especially in the birds with whieh we 
are now occupied. Take two cylinders of rubber of the same dimen-
sions and weight, stretch them to ten times their original length, and 
cool them in that condition. If we restore to these two cylindrical 
threads the amount of heat which they had lost, both in contracting 
will perform the same amount of work in a similar manner; that is, 
both will lift the same weight to the same height. Next, taking two 
cylinders of the same weight, but of unequal diameter, one, let us sup-
pose, being ten times as thick but only one-tenth as long as the other; 
stretch each ten times its normal length and cool it; both will still be 
able to do the same amount of work, but no longer in the same manner. 
The sllort, thick cylinder, for instance, will raise a weight of 100 grams 
a distance of one centimeter. The long, thin cylinder will not support 
so great a weight at all, but if loadeu with a weight of 10 grams will 
raise it a distance of 10 centimeters. The measure of a mecllanical 
power is obtained by multiplying the weight raised by the height 
through which it is raised. This product being the same in the two 
cases, the same amount of power, therefore, has been expended, but not 
in the same \Yay. So, in the cylinders of rubber which have been 
stretched in proportion to their length, and from which the same amount 
of lleat has been withdrawn, the amount of power produced by the res-
titution of this heat will be proportioned to tile weight of tlle rubber ; 
the weigllt lifted to the diameter of the rubber, and the height to which 
the weight will be lifted, to the length of the rubber. All that we know 
of the function of muscle tends to prove that the power exhibited 
by it is governed by the same laws. Thus, the amount of contraction 
of muscles depends on the length of their fibers, while the maxi1num 
power which they are capable of exerting is proportional to the diame-
ter of the bundle of muscular fibers. For example, in the case of 1m-
man muscles, the short, thick deltoid muscle is capable of but little 
contraction, but exerts great force ; the long, thin muscles of the fore-
arm, on the contrary, cannot develop the same power, but by their os-
seous attachments the extent of their contraction is much greater. If 
we suppose these two muscles to be of the same weight, they can do an 
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equal amount of work, but in the different ways which pertain to the 
difference in their structural condition. 
If we study the form of the great pectoral muscle, or that whcih pro-
duces the downward stroke of the wing in cliffer0nt species of birds, we 
shall see tlmt this mnscle presents much variation in form. In some 
cases it is long and narrow, in others short and thick. We shall see 
that this anatomical difference corresponds to important differences in 
the character of flight. It is enough to observe the flight of a duck and 
of a marsh harrier to be struck with the great difference in the moYe-
ments of the wings of these two birds. The duck elevates and depresses 
its wings Yery much, describing with ertch of them an arc of more than 
goo. The extent of these moYements in the harrier, on the contrary, is 
very small; when it is observed in profile the point of wing is hardly 
seen to pass below the sha<low of its body. This difference in the type 
of flight has struck som(~ observers with snch force that they have divided 
the birds into ro1oers and sailors. The first are those which strike the air 
with their wings in flying as a boatman strikes the water with his oar; 
the second class exposing the surfaces of their wings to the wind like the 
sails of a ship, fly in a sort of passive condition, utilizing the currents of 
the air in sustaining and directing themselves. We shall see hereafter 
that there is a reality in this 
distinction; at present '"e Fig. 10. 
shall only accept the incon-
testable fhct that certain 
species of birds impart a 
great amplitude to the 
movements of their wings, 
while others move them 
only through a very small 
extent. 
I have dissected a wild 
duck and a harrier to show 
you the form of tile pecto-
ral muscles. Iu the duck 
the great pectoral is quite 
long, while in the harrier it 
is very short, but the trans-
verse section of the muscle 
of the harrier is much larger 
than that of the duck. If we 
consider only the relative 
length of tho pectoral mus-
cles we see that it nuies, 
as it should do according 
to the theory; that is, it is 
greater or less, according to 
the amplitude of the motion Skeleton of the wing and sternum of a frigate-bird. 
The extreme bre"ity of the sternnm is seen in pro-
which the bird executes in portion to the great length of the wing. 
flying. 
But to what does this unequal deYelopment in the thickness of the 
pectorals correspond~ It would appear to correspond to a greater 
muscular exertion in the harrier than in the duck. How can this exer-
tion be demonstrated~ If we compare the l>ircls which have short and 
thick pectorals with those which have long aud thin ones, we see that 
the surface of the wings is very large in the former, while it is very 
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small in the latter. We know that the resistance of the. air against a 




that surface; other things being 
tb e same, a greater exertion is re-
quired to move a large wing than 
olie of less superficial extent. 
EYerything goes to show, then, 
that the difference in the forlll 
of the pectoral muscles in differ-
ent birds accords with the differ-
ences presented in the manner 
in which they perform their re-
spective work. Two birds of the 
same weight perform the same 
labor in flying, and apparently 
should have muscles of the same 
weight; butiftbemuscularmasses 
present the differences in form 
which we have indicated, \\e see 
that the Yi-·ork is done in different 
ways. The birds with small 
wings increase the small resist-
ance which these offer to the air 
by moving them through a large 
extent of space, while those with 
large wings equalize the re~ist­
ance by traversing a shorter dis-
tance with them. 
But, it may be said, nature 
might have attained thrse diff'er-
ent methods of flight by giving 
muscles of uniform organization 
to all birds. It would haYe been 
sufficient to haYe given different 
positions to the point of attach-
ment of the great pectoral to the 
humerus, or, in other \\Ords, to 
\ary the length of the arm of the 
lever in proportion to that of the 
resistance. Comparative ~mat­
omy shows that this is not the 
case. In birds, the great pecto-
ral is always attached close to 
the articulation of the shoulder. 
The absolute distance \Yhich sep-
arates this attachment from the 
center of motion of the humerus, 
seems to vary only in accordance 
·with the form of the bird, and 
not according to the relatively 
greater or less extent of the 
wings. This last depends princi-
pally upon the length of the fore-
arm and its appendages. It is 
Skeleton of a flamingo, (after l\1i1ne Eel- not necessary to dissect many 
wards.) The wing is vc;-y large, uncl the ster- birds of different kinds to prove 
num very short. the constancy of the law which I 
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ha\"'"e sought to establish with regard to the relations of the alar surface 
\Yith the length of the great pectora muscle. 
The inspection of the skeleton furnishes tile principal elements of this 
verifieation. Passing through that part of the zoOlogical collection in ' 
the mn~eum which is devoted to the exhibition of tile skeletons of bir<ls, 
you will come away c01rvinced of tile relation between the extent of the 
wing and the length of the great pectoral muscle, as shown in the leng-th 
of the sternum. You see by Figs.10, 11, and 12, hmv osteology furnishes 
the necessary proofs of this statement. 
In birds the de- Fig. 12. 
\elopment of the 
bones of the \Ying-
giYes ns a suffi-
ciently correct idea 
of the extent of sur-
face presented by 
these organs when 
covered \rith feath-
ers. Com pare the 
prodigious length of 
the fore-arms in the 
nlbatross with tho~e 
of the duck, guille-
mot, or tli Yer; the 
proportion of the 
bones will giYe at 
the :first glance the 
superiority in re-
ganl to flight of the 
albatross in the 
greater extent of its 
\Yings. Comparing 
the sternum of dif-
ferent birds you will ~~~~~~~~i~!~ijlll~ii~~ find it larg·e, but Yery short, in the 
albatross. On the 
coutrary, in the 
duck, tl1e di yer, and Skeleton of a. penguin. The wing is very short, and the ster-
the guillemot, the num vcr~·loug. 
sternum, though narrower, is comparatively very long. The lateral 
channels, wllich lie on each side of its keel, represent, in one sense, 
a hollow mold of the pectoral muscles. You can thus verify by the 
skeletons of hawks and other rapacious birds, the fact that short, 
thick muscles appertain to large wings ; and by the skeletons of ducks, 
swans, and diving birds, that small wings possess more slender but 
larger muscles. This brings us to the consiuerations which I have pre-
Yiously brought forward. We now see how we can measure the power 
developed by a flying bird. It is necessary to know the resistance 
wbich the air presents to the surface of its wing, and to multiply this 
resistance for each stroke by the tlistance which it traverses. Still tbe 
problem is not as simple as one might suppose, after this announcement.· 
AU tends to the belief that the rapidity with which the wing strike:3 the 
air is not uniform, and that it has increasing and decreasing phases, to 
which the relatiYe resistance of the air corresronds. To know the exact 
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nature of the movements of a bird's wing is the question now presented, 
and this will be the OQject of our next experiments. 
Form of the bird.-All those who llave studied the flight of birds have 
called attention, with great propriety. to tlle form of these animals, 
which renders them eminently suited to fligllt. They have seen iu it 
the copditions necessary for perfect stability in the midst of the air. 
They lmve well understood the office of those great surfaces formed by 
the wings, which sometimes serYe as a parachute to enable the animal 
to descend yery slowly, while at others these surfaces glide over the 
air, following the plane of their inclination, and permitting the bird to 
descend obliquely, or even to rise, or, as we shall see, to advance with 
motionless wings. But many observers have gone so far as to assert 
that some species of birds have an entirely passive flight, aud that, sub-
mitting their wings to the action of the wind, they obtain a force suffi-
cient to propel theruselYes in any direction, even against the wind itself. 
It seems to me important to discuss, in a few words, this essential point 
in the tbcm·s of flight. 
Tile stability of the bird has been fully explained; there is nothing to 
add to tl.Je remarks which have been made on this subject. Tlle attach-
ment of the wings is situated exactly at the most ele\·ated part of the 
thorax of the bird, and consequently when the extende<l wings take 
hold on the air the weight of the body is to be found below this surface ot 
suspension. It is known also that in the body itself the lighter organs, 
the lungs and air sac~, are above, while the denser mass of tile intestines 
is situated below. Lastly, the thoracic muscles, so heavy and thick, 
occupy the lowest point of the system, so that the densest portion of the 
body is placed as much below tlw point of suspension as possible. The 
bird which descelHls with outstretched wings, therefore, always has its 
ventral region lowest; it <loes not need to exert itself in order to preserve 
its equilibrium, but takes this attitude passively, as does the parachute 
when let fall throug-h the atmosphere, or as the shuttlecock which falls 
back npon the battledore. But this Yertical descent of which I have 
spoken is exceptional; the descending bird is almost always actuated 
by a motion previously obtained, so that it slides obliquely upon the air, 
as does a light body of large superficial extent when placed in the above-
mentioned situation. l\ir. J. Pline has carefully studied the different 
kinds of sliding which may occur in this manner, and has even repro-
duced them by means of a very simple and easily-constructed theoreti· 
cal apparatus. Take a square sheet of paper and fold it midway, so as 
to form a rather obtuse angle, as in Fig. 13; then, with a little wax, 
fix in this angle a small metal rod, furnished with t\Vo balls of the same 
weight, an<l the result will be an apparatus which will possess stability 
in the air. 
If the center of gravity is exactly in the center of the apparatus, it 
will be seen to fall vertically when dropped into the air, with the edge 
of the angle downward. If the center of gravity is displaced by taking 
away one of the two balls, instead of falling vertically, it will pursue an 
oblique course and slide over the air with an accelerated motion. The 
trajectory of the apparatus in this case will be described in a vertical 
plane if the two sitles of the apparatus are perfectly symmetrical; if 
this is not the case it will be deflected toward the side of least resist-
ance. This eftect, easily comprehended, is identical with that produced 
in the course of a ship by the resistance of the rudder. It can also be 
produced in a vertical plane, so that the trajectory of the apparatus 
may present a curve with a superior or inferior concavity, according to 
the conditions of its projection. 
17 s 
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All thin cnn~ed bodies tend to slide upon the air in the direction of 
the radius of their special curve. If we bend the anterior or posterior 
edge of our little apparatus a,t a certain point in its oblique course, we 
shall see it rise, notwithstanding the force of gra.vity, though its motion 
soon ceases. vVhat has happened in this case~ 
Fig. 1:1. 





-o----o-~ ·=-· __::__- ____;__:_:c___ 
-o----~------8-
Representing to the left Pline's apparatus placed in equilibrium by means of two 
equal balls at the extremities of the rod which lies at the bottom of the angle of the 
bent paper. This, as is indicated by the lower representat-ions of the rod, falls verti-
cally. To the right the same apparatus, with only a single ball, is represented. It 
descends in a parabolic curve, representeu by the dotteu line. 
vVhen there has been but little rapidity in tlle fall of the object, the 
cur·ve of its surface remains motionless, because tlle air offers resistance 
only in proportion to tile rapidity with which they move. 'rherefore, 
when tllis rapidity has been snfficicutly great a steering effect is pro-
duced, which elevates 
the anterior extremity Fig.14. 
of the object and im- \ :' '\ J 
parts an ascending --a---\--___ \ __ 
motion to it. But very I 
soon the weight, which ? I 
was the motive power j ~------;,'-------
of the apparatus, be-
comes a retarding I' -o---.__ ,,'' 
force, and in I)rOllOr- --f------__ 
tion as the object as- 1\ ,/ 
cends its motion be- y ., \ /, 
comes slower, and \..--..._1 ----, ~--// 
finally ceases. After ~- _________ ___. _________ 
this, ~ retrogradation ~~----------
begins, to be followed 
by another rise, and 
so on, until by suc-
cessive oscillations the 
The posterior corners of the t,wo planes of the apparatus 
have been bent npward and inward, so that after a descend-
ing curve the apparatus rises, as the dot,ted line indicates. 
apparatus finally reaches the earth. I may add that if a slight con-
cavity is given to the object below, the reverse takes place, and we see 
at a certain moment the trajectory sharply deflected downward, and 
the objeet strikes the earth with great violence. In the second case, 
at the moment when the steering effect is produced, the weight is in a 
favorable position for a precipitate descent, and opposed to the ascend-
ing reaction. 
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I emphasize these effects because they are frequently produced in the 
flight of birds. Tile old treatises ou falcoury describe the interesting 
eYolutions of the birds employe(l in hunting. .,Vithout going back 
further, we find in lluber (octaYo, puhlished at Geneva inl78±) a descrip-
tion of the curviliuear moYements of tlw falcon, to wllich they gaye the 
name of passadcs, and which con:sistecl in an oblique descent of the bird, 
followed by a rise in its course. "The hir<l," sa,ys Huber. "when abont 
to strike the earth, carried away by its own rapidity, would be dashed. 
to pieces if it did not call into aetion a certain faculty which it possesses, 
stronger than its descending motion, to rise even high enough to make 
a second swoop. Tlds motion is sufficient, not only to arrest its descent, 
lmt en'n to carry it without effort as high as the eleYatiou from which 
it came." 
Fig. 15. There is certainly exaggera-
tion in the statement that. tbe 
v'~~ 7 bird remounts as high as the ele-
-c---:-·-. --- vation from which it descended 
without further eff'ort. There-
sistance of the air must over-
come part of the force acquired 
/ duriug the descent, and 'vllich 
l -----------~::~-- is transformed into ascending ______ ~---:- force. "\V e see, however, that the phenomena abo,~e described 
,.c-l··:·/ is confirmed by observation, and tllat it has been considered in 
some sort as a passi Ye act in 
which the bird expends no mus-
cular power. The act of hover-
The posterior corners of the paper have been ing in some cases presents a 
bent downward. After passing through a para- great analogy with the phenom-
bolic curve thcoLjcct takes a very rapid desceml- ena jus.t described. vVhen some 
ing course. birds, pigeon~ for instance, have 
used their wings during a certain distance, the wingt5 are seen to be 
perfect~y quiet <luring a few seconds gliding through the air, either 
horizontally or rising or falling. The descending motion has the long-
est duration; in fact it is only an extremely prolonged descent in which 
motion is maintained by the force of graYity, wllich diminishes it in the 
horizontal or• ascending plane. In these latter forms the wing, more or 
less obliquely directed, takes hold on the air like the toy kite, witll this 
difference, that motion is imparted to this by pulling the string when 
the air is calm, while the bird utilizes momentum previously acquired by 
an oblique descent or previous strokes of the wings. 
I have already said that obserYers have admitted that certain birds, 
which they call sailors, can sm;tain and direct themselves in the air hy 
meaus of tbe wind alone. This theory appears paradoxical. It is in-
comprehensible that a bird, motionless in the wind, should not yield to 
the resistance of the air through wbich it glides. If the passades or 
swoops which the falcon executes can sometimes carry it against the 
wind, this can only be a transient effect, compensated for by being car-
ried away by the wind more rapidly in another moment. However, 
this theory has been sustained with great talent by some observers, 
especially the Count d'Esterno, the author of a remarkable memoir 
011 t.he flight of birds. "Every one," be says, "can see some birds 
practicing this method of :fligllt; to deny it is to deuy self-evident 
facts." I myself have noticed this mode of flying, but it has seemed 
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to me that it is executed in general under the following special 
conditions: Along the cliffs of the coast of Normandy I have seen the 
gulls and sea-mews performing· their evolutions without moving their 
wings. I have seen the daws and rooks flying in the same manner 
around old cathedrals. But the same birds, when they left these 
special stations, have always appeared to me to use the rowing method 
of flight; that is to say, making regular strokes of their wings, some-
times interrupted in the daws by swoops of short duration. I then 
sought to determine the direction of the wind, and this is what seemed to 
me to occur: When a bird finds itself in tile neighborhood of a cliff, 
·where the air is calm or agitated by eddies in a contrary direction to 
the prevailing wind, it can pass successively from the calm to the agitated 
air, and conversely. A sea-mew surrendering itself to the force of the 
wind, receives an impulse which carries it with a certain rapidity, and 
if, by simply turning, the bird enters a region of calm air, it can utilize 
the impulse which the wind has given it in returning to the height 
wllich it had left.. Plunging again into the zone of agitated air, it recom-
mences the evolution which I have just described, without moving its 
wings, except to ghTe them different inclinations. The daws and rooks 
appear to me to fiud tlH~ same conditions around the cathedral towers. 
The authors who have reported the most curious cases of sailing flight 
have observed them in monntai.r:w.us regions. It is a condor in the 
Cordilleras, or an eagle in the Pyrenees. The sailing flight has often 
been described of certain birds of prey, who, in the middle of a plain, 
rise and turn without moving their wings. I myself have often seen 
harriers fly in this manner, but I have always determined, also, that in 
this case the spiral which they describe is altered by the wind, and 
that the birds are definitely carried to leeward with a more or less rapid 
motion. 
Even when reduced to these limits the influence of the wind on the 
flight of binls is very difficult to explain. It is complicated by very 
different conditions in which the motion acquired by the bird, opposed 
from various directions by the force of the wind, gives rise to tlte most 
varied combinations of motion. It is also known tbat in the upper 
regions of the air various currents exist, sometimes even in a contrary 
direction to those which obtain near the surface of the earth, so that the 
bird, pasBing from one to another, fiud forces which carry it in opposite 
directions.* 
Finally, the question of sailing flight seems to me one of the most 
difficult to solve. It would be temel'itous to absolutely condemn the 
opinion of observers upon such vague thPories and ideas as we possess 
upon the subject. 
One of the most interesting points in the conformation of birds con-
sists in the determination of the relations of the extent of the aJar sur-
faces to the weight of the animal. Is there a constant relation between 
the weight and these surfaces~ This question has been the cause of 
numerous controversies. It has been already shown that if birds of 
very different kinds, yet of the same weight, be compared, the wings of 
some species are found to have four or fi ' re times the extent of others. 
The birds which have large wings are usually those which have been 
called "sailors," while those which have the wing short and narrow are 
generally classed as "rowers.' But if we compare two "rowing" birds 
with two ''sailing" birds; if, for still closer comparison, we take them 
*The late Mr. Espy suggested that the phenomenon of sailing in the flight of birds 
is due to upward currents of air which take place in warm weather, or beneath clouds, 
nnd especially up the side of a mountain against which the wind is blowing.-J. IL 
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from the same family, in order that the only differences shall be tlwse of 
form, a somewhat constant relation will be found betw·een the weight of 
the bird and the surface of its wings. But the determination of this 
relation should be based upon certain considerations, which have long 
escaped the attention of naturalists. l\fr. de Lucy sought to measure 
the surface of the wings and the weight of the body in all flying 
auimals. Now, to establish a common unitamonganimalsof such different 
kinds and forms, he reduced all the measures to an ideal type, of which 
the weight should always be one kilogram. Thus, after having pro,·ed 
that the gnat, which weighs three milligrams, possessed wings with a 
surface thirty millimetres square, he concluded, in the types represented 
by the gnat, the kilogram of animal was supported by au alar surface of 
ten square millimeters. By making a comparative table of the measures 
taken from a great number of animals of different kinds and various 
forms, he arrived at the following figures: 
Species. 'Vcight. .I 'Ving surface. Surface per kilogram. 
Gnat ....... ·----------- 3 milligrams .. 30 sq. millimeters. __ . 10 sq. millimeters. Bu ttcrfly _ . - ___ •. ______ . 20 centigrams. 1, 663 sq. millimeters. 8t millimeters. 
Pigeon .. _ .. ___ • ----.- .. 290 grams .. _ . 750 sq. centigrams ... 2, 586sq. centimeters. 
Stork ........ ____ -----· 2, 265 grams .. 4, 506 sq. centimeters. 1, 998sq.centimeters. 
Australian crane ... ____ . 9, 500 grams _. 8, 543 sq. centimeters. 89~l sq. centimeters. 
:From these measurements, in spite of variations in detail, the evi-
dent result is obtained, that animals of large size and great weight 
sustain themselves with a much smaller proportional alar surface than 
smaller animals. A similar result already Rhows that the office of tlle 
wing in flight is not merely passive, for a sail or parachute slwuld al-
ways have a surfh.ce proportioned to the weight which acts 11pon it~ ; 
considered, on tile contrary, from its true point of Yiew, that is to say, 
as an instrument for striking the air, the wing of the bird should, as 
we.silall see, present a relatively smaller surface in birds of large size 
and great weight. The astonishment exhibited at the result of the de-
terminations made by l\ir. de Lucy disappeared when it was remem-
bered that there was a geometrical reason wily the alar surface could 
not increase in proportion to the weight of the bird. In fact, if we 
take two objects of the same shape, two cubes, for example, of which 
one shall be twice as large in diameter as the other, each one of the 
faces of tile larger cube will be four times as large as the corresponding 
face of tile smaller, while the weight of the greater cube will be eight 
times that of the lesser one. For all similar geometrically solids, the 
linear dimensions haYing a stated relation to each other, the surfaees 
are as the square and the weigilt as the cube of their similar linear di-
mensions. Two birds of similar form, but having, one of them, the 
spread of the wings from tip to tip twice as great as in the other; will 
have respective wing surfaces in the proportion of 1 : 4, and weight as 
1 : 8. l\1. P. Demondesir. who applied these principles before me, 
thought that be had found in them a reason for the smaller size of 
birds are capable of flight, while those of a larger kind, such as os-
triciles and cassowarys, do not fly; he observes that if these birds had 
as large wings as the heron, in proportion to their weight, they could 
not fold them completely, and would drag them as long and embarrass-
ing appendages. These observations would be correct according to the 
theory of ''sailing" flight, but in "rowing" fligilt, the amplitude of the 
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stroke of the wing, increasing in proportion to the size of the bini, mul-
tiplies the resistance which the wing meets from the air, and the reac-
tion bears a similar proportion to the weight of the birds themselves. 
Dr. Hureau de Villeneu\·e, upon the same principle, has sought to de-
termine tbe alar extent which would enable a uat of the same weight 
as a man to :fly. lie found that each of its wings would be less than 
tluee meters iu length. 
A remarkable work by llastings* has appeared this year on the rcla-
tiYe extent of the wings and the weight of the pectoral muscles in the 
different species of flying vertebrate animalR. The author first shows 
that a:nong birds the existence ean be established of a certain relation 
betw·een the smface of the wings and the weight of the body. But we 
should be careful to compare only comparable elements; th~tt is to say, 
the length of the wings, the square roots of the alar !:mrfaces, and the 
cube roots of the weight among different birds. Let l be the length of 
the wing, a its area, and w the ,,·eight of tllC body, we can compare 
among tbemsel YeS l, va, {j 'W. 
Examining different types of bird, Hastings made weights and mea-
surements, from which the following table is extracted: 
Weight. I 8 £ I Relation bet><cen ur ace. tltern. 
Species. 
w. a. va ~w _:_ 3v'w. 
Larus argentatns .... ·----- ·----· ...... , .... . 565.0 541 2.82 
Auas nyroca. ·----- ·----- -------------- .... . Wd.O ~:.n 2. 26 
Fulica atra ............................ ___ .. 495.0 262 ~. 0;) 
Nettion crecca ............................ . 27G.5 144 1. i:ll 
Lans ridibnnrlns ...... __ ... _ ...... _. _. _ ... _ 1\17.0 :3:n :~. I:~ 
:Machetes pngnax: .......................... . 190.0 164 2. ~.n 
H.allus aquaticus .......................... . 170.S 101 1. !'1 
Tnn1us pilaris, ............................ . 103.4 101 2.1-1 
Tun1us mernla ____ ·----- -----· .......... . 813.8 103 2.:n 
Stnrnns vulgaris . _____ . ____ . __ ... ____ . ___ .. 86.4 85 2. 09 
Bom hycilla 6arrula ....................... . GO.O 44 1. ti9 
Alanda arveusis ........................... . ~{2. 2 75 2.li!) 
Parus 1uajor ............................... . U.5 31 2. ~9 
:F'riugma spin us . ____ . ____ . _ .. ____ . ___ ... __ . 10. 1 25 2. :l3 
Par us c:.erulens ........................... . 9.1 24 2. :)4 
The weig·ht of the pectoral muscles is, on the contrary, in simple pro-
portion to the total weight of the bird, and in spite of the differences 
which correspond to the different degrees of aptitude to flight with 
\Ybieh each species is endowetl, we perceive that the proportion of the 
\Yeight of the pectoral to tlte total weight is about one-sixth in the 
greater number of birds. 
Eaeh animal capable of sustaining itself in the air must develop a 
force proportional to its own weight, and should possess an amount of 
muscle proportioned to this weight; for, as we have seen, if the chemi-
eal action \vhich takes place in the wings of birds be always of the 
same nature, this chemical action a.nd the pow·er which it generates will 
be proportionate to the size of the muscular masses. Now, bow is it 
that the wings of birds in whieh the surface varies as the square of the 
linear dimensions suffice to move bodies of which the variation is in 
proportion to the cubes of these dimensions~ Here it is necessary to 
*Archives Neerln.ndn.ises, t. iv. 1869. 
~ .. J 
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bring in the theory of power; that is to say, of resistance multiplied by 
the sl1uare of the distance through which it acts iu a gi\~eu time, admit-
ting a uniform rate for the down ward. stroke of the extremity of the 
wing in two birds to be compared, aud which ltaYe the proportion of 
1: 2 in their linear dimensions. The surface of the wings of the larger , 
Fig. 16. 
bird will be, as we have already said, four times as great as that of 
the smaller one; now, as the resistance of the air against surfaces 
moving at the same rate is proportionate to their extent, if we call the 
resistance experienced by the wing of the small bird. r, that for the 
large bird will be 4 r. But these bir<ls, in the downward stroke of their 
wings, do not execute motions of equal amplitu<le. In the large bird, 
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each point of the wing will travel twice as far as the similar part of the 
smaller bird. It we call the space traversed g, the resistance r, which 
the wing of the small bird encounters, we shall have rg for the work 
clone by the wing, and 4 r 2 g or 8 rg for the work done by the bird. 
We see, then, that this work increases in the same proportion as the 
weight of the animals we are comparing. 
Another conclusion results from the preceding eonsiderations. If we 
admit that the wing possesses the same velocity in both birds, the dura-
tion of the stroke will increase with the space traversed by the wing; 
that is, it will be proportioned to the linear dimensions of the bird. 
Observation confirms this view by showing that large birds make fewer 
strokes than small ones do. We have not yet been able to determine 
exactly the number of strokes of the wings of birds to ascertain if their 
frequency presents an exact inverse ratio to the size of the. animal, but 
it is easy to see that it is in this manner that the frequency of the wing-
strokes of birds varies. 
The graphic method, which is easily employed in determining the 
frequency of the wing-strokes of insects, cannot be similarly employed 
with birds. It is . necessary to adopt some method of transmitting 
signals from the flying bird to the registering apparatus. For this pur-
pose, I have first used the electric telegraph, which furnishes the means 
of solving the following questions: 1. vVhat is the frequency of the 
strokes of the wings of a bird~ 2. W~hat are the relative durations of 
the periods of elevation and depression of the wings~ The experiment 
consists in placing at the extremity of the wing an apparatus which 
breaks or closes an electric circuit at each of the alternate motions, 
while at the further part of the circuit is placed an electro-magnetic 
apparatus, which makes a trace upon a turning cylinder. Fig. 16 
shows this method of studying the :flight of a pigeon, together with 
another method of transmitting signals. In this figure the two wires 
are separated from each other. 
The writing style traces a crenulated line of which the cbanges of 
direction correspond to a change in the direction of the motion of the 
wing. 
In order that the flight may be as free as possible, a fine, flexible cord, 
containing two wires, establi~hes the communication between the bird 
and the writing telegraph. The two ends of the two wires are attached 
to a very small, light apparatus which, from the resistance of the air, 
executes a kind of valvular motion. When the wing is elevated the 
valve opens, the circuit is broken, and the line traced by the telegraph 
rises. When the wing descends the valve closes ; the circuit is also 
closed, and the line is depressed. 
Applied to different kinds of birds, this apparatus registers the fre-
quency of the strokes of the wing in each. The number of species 
which I have as yet been able to stncly is very small; I have, however, 
obtained the following results: 
Number oj vibratwns of the wing per second. 
Sparrow . - •.. _ ... _ . . . ........................... _ .............. 13 
vVilc.l duck ........ - . - .. - ... - ......... - ............... __ . _ ... __ . 9 
Pigeon _ . . . . . . _ ... _ ...... _ .. ___ - _____ . _____ . __ ... __ . _ ... _ .... _ . 8 
Hen-hawk, Buteo 'lntlgaris, a hawk called in England and France the 
'' buzzard" or " busard" .. - ........ - ..... - .. - ... - .... - - . . . . . . . 5i 
Screech-owl ... _. ____ - __ ...... -. _ ....... _ ..... _ .·- ... ______ ..... 5 
Harrier, Cirmts rnfus, marsh harrier of England, buse of France. . . . 3 
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The frequency of the strokes varies according as the bird is starting, 
is in full motion, or at the end of its flight. Some birds, as we know, 
have periods when the wing is motionless, and when they move by 
means of the momentum acq nired. 
It is interesting to obsen·e the relative duration of the periods of 
ascent and descent of the wings. Contrary to the opinion expressed by 
some observers, tllC descending period is generally longer than that of 
elevation. The inequality of the two periods is especially eYident in 
birds which ha,·e large wings and make few strokes. Thns, while the 
periods are almost equal in the duck, which has very narrow wiugs, they 
are unequal in the pigeon, and much more so in the harrier. 
The following figures exhibit the results obtained from seyeral species 
of lJirds: 
Proportional dis-
Species. Totn.I distanco traversed during one com- I 
tauce. 
plete oscillation of the wing. 
Ascent. Descent. 
Duck .... --- ...... - ................ 6.6n centiemes per second ..•.......... 3.0 3.66 
Pigeon ............... 7.5 centiemes per second ............... 3.0 4.5 
Harrier . ----. ----- ..... 21.5 centiernes per second ...•• _ ........ 8.5 13.0 
It is more difficult than might be supposed to determine the precise 
instant of the change of direction in the liue traced by the telegraph. 
The attraction of the magnet and the relaxation have an appreciable 
duration, if the lJlackened cylinder turns with suffieient Yelocity to 
measure the rapill motions which we seek to analyze. The inflections 
of the line traced by the telegraph then become curves, of which it is 
somewhat difficult to determine the precise origin. There is therefore 
a limit to the precision of the measurements which can be made by the 
electric method. I think that we cannot approximate lJy this method 
nearer than ~0 of a, second to the duration of a motion. 
Another kind of signal allows the estimation of the frequency of the 
stroke at the same time that it furnishes indieations of the successive 
action of the principal motive muscles of the wing. 
llfyographic method.-In 1867 I indicated a myographic method which 
might be applied without mutilating the animal upon which the experi-
ment was performed. It consists in employing tlle swelling of a muscle 
to afford evidence of its changes in length-that is to say, by its con-
traction or relaxation. :Muscles, not being sensibly compressible, cannot 
change their length without at the same time changing their transverse 
diameter. A rapid or short, feebl~ or energetic contraction of a muscle, 
hence, is accompanied by an increase in diameter, affording tbe same 
features of rate or intensity. At each de1:Scent of the bird's wing the 
great pectoral muscle thus exhibits an iuerease of size, which ean lJe 
indicated by the registering apparatus. 
I have made use of flexible air tulles of India-rubber in transmitting 
these effects, a method which has enabled me at times to register at 
· some distance the beating of the heart, the pulse, and the motions of 
respiration. 
The lJird flies in an inclosure fifteen meters square and eight meters 
high. The registering apparatus being placed in the center of this 
enclosure, twelve meters of rubber tubi11g are enough to establish a con-
stant communication between it and the bircl. A sort of corset is applied 
to a pigeon, (see Fig. lG.) Under this corset, between it and the pectoral 
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muscle, is placed a little contrivance intended to exhibit the swe11ing of 
the muscle. It consists of a small, shallow metal basin containi11g a 
spiral spring an<l is closed over by a thin sheet of rubber. This basin, 
thus closed, communicates with the transmitting tuue. 
Any pressure applied to the 
face of the appanLtns depresses 
the rnbuer. Tlle air is force<l 
out of the basin and escapes by 
the tube. Iftbe pressure ceases, 
the air reenters the basin in con-
E:lequence of the elasticity of the 
spriug which raises the rubber. 
An alternate im;pira.tion and as-
piration is b,y this means estab-
lished in the tube, and the mo- Appamtns for exhibiting the contraction of 
tion of the air trallsrnits to the the thoracic muscles of birds. The upper con-
vex face is formed of a sheet of rnbber, held 
registering apparatus a signal of up by a spirnl spring, and is applied t\) the mus-
the more or less inteuse pressure cles. The lower face, in contact with the cor-
which has been exerted. upon the set, carries fom little hooks which ~re. cn.nght in 
rul>lwr CO\Ter of the basin. The the cloth and hold. the apparatus m 1ts place. 
registering apparatus I have used in all my experiments is also com-
po:::;ed of a basin, covered by a rubber membraue comr11nnicatiug 'rith 
the transmitting tube. The motion imparted to the :first basin is 
transmitted by the air to the rubber cover of the second. The motions 
of the membrane of the receiving apparatus, amplified by a lever, are 
IYritten on the smoked cylinder. Figure 16 represents the general 
arrangement of the experiment in which the electric telegraph and trans-
mission b,y air are exhibited together. \Ve see the pigt~on under ex-
periment furnished.. with its corset and apparatus for showing· the move-
ments of its pectornl muscles. The transmitting air-tube ends at the 
registering apparatus, which writes on a revolving cylinder. At the 
extremity of the pigeou's wing is an arrangeme11t which opens or closes 
an electric circuit as the wing rises or falls. The two wires of the cir-
cuit are represented separately, and two cells of BunRen's batter,y are 
seen in their comwetiou, with the helix, which, furnh;lw<l with a. lever, 
registers the telegraphie signals of the motions of the wings. One pre-
caution is in<lispeus:::tl>le-the rubber tube which connect:s the bird. and the 
appan1tus must be lH'e,rente<l from stretching. \Vlwn the bird. flies it 
raises more or less of the tube, and if tllis is elastic it will become .elou-
gated by its own weight, producing a rarefaction of the air contained 
in the tw·o receptacles, and the registering lever will tr::we muscular 
curves on a tlecen<ling line. To prevent this incmnTenieuce, the tube 
may be tied here and there to the telegraphic cord by means of ligatures, 
taking care that the tube is a little longer than the cord, and that 
it is not subjected to traction. These precautions bt>iug taken, nothing 
prevents the successful transmission of signals. No t,rouble need be 
taken in regard to the elasticity of the tuue in a transverse direction; 
its walls are so thick that their elasticity is not bronght into play by the 
feeble changes of pressure to which the air they contain is sn bjected. 
The bird. is let loose at one end of the inclosure, the dove-cote in which 
it is ordinarily kept being placed at the opposite end. The bini 
naturally flies toward the latter. During its tlight the tracings repre-
sented by Fig. 18 are obtained.. 
The trace is seen to differ according to the kind of bird experimented 
upon. However, in all the traces we perceive the periodical return of 
two motions, a, and b, which are produced. in each vibration of.tlle wing. 
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Fig.18. Fig. 19. 
Fig. 18. Myographic tracings of the pectorals, obtained from various kinds of birds 
during fli~ht. I. Tracing of the tuning-fork to be used in measuring the absolute 
duration of e>acb muscular motion; this tuning-fork vibrates 200 times a second. II. 
Tracing of the muscles of a pigeon obtained, as in Fig. 16. III. Trueing of a wild 
duck. IV. Tracing of a hen-hawk. V. Tracing of a harrier. 
Fig. 19. Line a represents the electric tracing of the ascent and descent of the wing 
of a harrier, as furnished by the apparatus. Line b is a tracing of a tuning-fork vibrat-
ing 200 times a !'lecond. Line c, correction of the electric tracing, which latter does not 
represent the changes with sufficient abruptness in the figure (a) obtained directly from 
the wing. Line d, tracing of the action of the pectoral muscles in the harrier by the air 
apparatus; a', perio<l of elevation of the wing; b', period of depression. Line e will 
be hereafter reft:rred to; it represents the vertical oscillations of the bird during flight. 
268 PHENOMENA OF FLIGHT IN THE ANIMAL KINGDOM. 
What is the signification of these two muscular actions t It is readily 
seen that the undulation a corresponds to the action of the muscle which 
elevates the wing, and. b to that of the muscle which depresses it. 
This can readily be proved b~y comparing the trace of the muscular 
action in the electric trace of the elevation and depression of the 
wing. r_rhese two tracings, plaeed one under the other, show that 
the period of elevation of the wing agrees with the extent of the 
undulation a, and the period of depr<>ssion with the undulation b. 
But to establish this agreement we must take the unequal rapidity of 
the transmission of the electric and aerial signals into account. We 
may consider the electric transmission as instantaneous, while the aerial 
transmission is at the same rate as the rapidity of sound through the 
air, that is, 334 metres per second. If the points of the two s~_,· les are 
placed vertically one above another, the tracings will not be exactly 
superposed, but the electric signal will precede the other by a distance 
corresponding to a certain fraction of a second, according to the length 
of the tube which has been employed. vVe can even compute, from the 
length of the air-tube, the amouut of retardation, but it is more certainly 
ascertained by a special determination for the particular tube which 
may be in use. In a previous experiment, motions were simultanPously 
tram;mitted by the tube and by electricity, and the discrepancy de-
termined. In the apparatus which I am using, the constant discrepancy 
is .04 of a second. I should therefore set back the electric signals by 
a corresponding distance, in order that they may agree with the signals 
transmitted by the air-tube. Fig. 19 shows the superposed tracing 
from a harrier after correction. 
It is easy to understand how the undulations a and b are produced in 
all the tracings of the muscles of birds. In fact there exist two distinct 
planes of muscles, in the upper part of the region in,~estigated, near the 
end of the sternum. The most superficial is formed by the great pec-
toral which lowers the wing, the deeper by the median pectoral or eleva-
tor of the wing, the tendon of which passes behind the bifurcation of 
the sternum to attach itself to the head of the humerus. The two sup-
perposed muscles act by their swelling upon the apparatus applied to 
them. The median pectoral s1-rells when it contracts, signalizing the 
undulation a by its action ; the gTfat pectoral signalizes the lowering of 
the wing in the undulation b iu a similar manner. 
We can yerify the correctness of this explanation by a very simple 
experiment. .Anatomy shows us that the median pectoral is narrow, and 
only covers the inner portion of the great pectoral along the keel of the 
sternum. So if we displace the little apparatus which reveals the niotion 
of these muscles, and carry it further outward, it will occupy a region 
where the median pectoral does not cover the great pectoral, and the 
tracing only presents a simple undulation, which corresponds to b in tho 
figures. 
It is, therefore, sufficiently demonstrated that the unuulatious a and 
b, in the muscular tracings of the birds upon which I haYe experimeuted, 
correspond exactly to the principal eleyating and depressing muscles of 
the wing: but we cannot attach much importance to the form of tlwse 
tracings for deducing the precise nature of the motion effected by the 
muscle. In fact, these motions appear to override one another. So tl.te 
relaxation of the median pectoral is probably incomplete when the great 
pectoral commences to act. 'Ve should expect no more from these tracings 
than they naturally furnish, that is to say, the number of vibrations of 
the wing, the greater or less regnlarity of its movements, the equality, 
inequality, and energy of each of them. Restricting the inquiry within 
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these limits, the experiments show that the strokes of the wings of birds 
differ in frequency and amplitude in the different moments of flight . 
.At starting the strokes are fewer but more energetic; they attain, after 
the first two or three, a regular rhythm, which they lose at the moment 
when the animal is about to alight. 
~ !:1l o We shall find in other experiments more 
J·~ ~ complete inu.ications of the variation of the 
:E S-: movements of the wing during the different 
'E ~ ~ periods of flight. 
~ ~ ~ Such are the certain indications which can be 
-~ <Zl derived from th·e method of signalizing estab-
~ .~ 
~ ~ 0 lished between the flying bird and the regis-
ao~ 2 tering apparatus. But if it is wise to guard 
·~::c:d s 1 . b . :::; 'S :::; our cone uswns y more ngorous experiments, 
'ti....,. ~ it may at least be permitted us to attempt 
§ ~ ~ to discover whether the tracings of these mus-
_; ~ ~ cles cannot furnish us with further inform a-
~ § ~ tion in regard to the motionA from which they 
'E ~ ~ are derived. I haye elsewhere demonstrated 
~oro that the form of the motion 1)roduced by a 
~C)~ 
o <tl C) muscle when it is excited varies according to 
~ ~ ~ the resistance which this motion encounters. 
~~ _g Thus, in applying the myograph to the muscle 
·~ ~ ~0 of a frog, I have seen that if contraction be 
<t> <t> S impeded by an obstacle the duration of the 
~ ~ ~ muscular shock becomes greater on account of 
...... 0 ~ that obstacle. Theory, also, would foretell uR, 
~ ~ $ that if the muscle presents certain moditica-
~ ~ ~ tions in the different phases of its contraction, 
g' .Sa; the result of unequal resistance overcome at 
~ .§ t? different periods, the swelling of the muscle 
::::~ 'g ~ should also present the same phaRes. If the 
~ .... "'0 
<t> 1r2 <tl tracing is the exact impression of the motions 
'g ~ ~ produced by the muscle, it can inform us of ;!; ~ 8 -
~.,. the nature of the resistance which the wing of 
S 'd,.d d"fi ~ ~ .~ the bird encounters in the 1 'erent phases of 
~ ::::~ ..c a5 one of its vibrations . ...... .s 1:: ~ 
<t> ~ '"' Let us take the most simple example. .As 
C) <tl~ ~ 5 <tl ·t:;:::::: the median pectoral and great pectoral are very 
~: ~ s unequal in size, we may suppose that if the 
;.a~ ~ ~ resistance is equal in the two periods of ele-
ct> <t> ~ o vation and depression, the duration of the for-:S..co.,. 
t.t.,. ro .S mer would much exceed that of the latter; 
.S ~ .§ a5 and, as exactly the contrary is the case, we 
~ . g gs may conclude that the rising wing does not 
t7j ~ f [ strike the air but cuts it, apparently with its 
~ ~ § edge, so that the resistance to the elevation 
S ~ C) is very feeble, and is very strong to the de-
pression of the wing. Now, if we examine the tracing of the depression 
of the wing we shall find there, within certain limits, the expression of 
the different amount of resistance which the wing encounters in the dif-
ferent phases of its depression. It is necessary by previous experiments 
to determine the efi'ect of certain special kinds of resistance, which we 
may call elastic resistance, in order to better understand the significa-
tion of different forms of muscular motion. 
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Let us take the muscle of a frog, apply jt to the myrograph, and ex-
cite contraction in it by means of electricity. Tile form of this con-
traction varies in the following manner, under the influence of different 
kinds of resistance opposed to the action of the muscle: If a weight 
be suspended to the muscle it gives the tracing ct, Fig. 21. If it en; 
counter an absolute obstacle to all further diminution of length, after 
a few instants of contraction it gives the traec b. Finally, if it encoun-
ters an elastic obstacle, as a rubber thread, wilich presents a surmount-
able resistance, the muscle gives the curve c. It seems as if these dif-
ferent forms were sufficient to characterize the nature of the resistance 
that the contraction of the muscle has had to overcome. 
In the first case it is the inertia of a bmly; now this body, submitted 
to the muscular force during a limited period, sllould have an acceler-
ated motion at first and then a diminishir:.g- motion. Tbis is precisely 
what the form of the curve ct indicates. In the second case it is not 
uecessary to explain how the horizontal line which forms the summit of 
the curve b, expresses the cessatien of aU contraction in the presence of 
an absolute obstacle. Lastly, in the curve c, the presence of an obstacle 
is betrayed l>y a deflection of the curYe; that is, by a change in the 
rapidity of the motion which produces it; but the contraction does not 
cease because tile obstacle is not insurmount<~ble, but it becomes slower 
on account of the greater resistance presented. 
I have been able to convince myself that in the above-mentioned 
experiments the swelling of the muscle presents the same phases as its 
change of length. In fact, I have transmitted to the myograph the mo-
tion produced by the swelling of the muscle, and have obtained tracing:~ 
identical with the preceding. Finally, wishing to know if the appara-
tus which I have used would faithfully transmit the different phases of 
the swelling of muscle, I made tlw following experiment: I applied 
the little drum which Ilad served to obtain the tracings from the 
birds (Fig. 18) to my own biceps muscle, fixing it exactly in place by 
means of a bandage, and put it in communication with the registering 
apparatus. I then maue sudden voluntary motions, as similar as I could 
make them to each otlJer, but applied to overcome various forms of re-
sistance. In one case I lifted a \Yeight; in another my hand was abso-
lutely arrested in upward motion b.Y being placed beneath a heavy 
table; in still another I tied my halHl to a fixed object \dth a rnl>ber 
band which, by a short flexure of my fore-arm, reqLlired the utmost 
efforts of the mi1scle to stretch it. 
Now the tracings Fig. 21. 
which express the 
swelling of the bi-
ceps in these three 
experiments repro-
duce the three types 
represented in ],ig. 
21, nnd show very 
clearly that volun-
tary exertions bad 
been snQjected to 
difterent forms of resistance. I tried to force upon the · muscles iden-
tical motions in each case, which was always a short, vigorous flexure, 
but the uature of the resistance modified t.hese muscular actions 'vhich 
Vi'ere intended to be similar to each other, and imparted to them the vari-
ous phases and durations which are exhibited in the figure. This being 
settled, let us return to the muscular tracing of the great pectoral of 
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the bird. I have saicl that the exact commencement of this motion is 
undetermined, the elevator of the wing not having fallen into repose 
before the de1Jressor commences to act, and if we would represent the 
probable curve of the action of these two muscles from that wbich the 
myrograph obtains for us, it will be necessary for us to complete the 
tracing by means of clotted lines as in Fig. 22. 
Fig. 22. 
Trace of the action of a harrier during flight: a, action of the elevating muscle; b, of 
the depressing muscle. Tho dotted lines which descend to the axis of the curve com-
plete the probable form of the motions of the two muscles of the wing. 
Thus reconstructed, the form of the curves of the elevator and de-
pressor reveals the nature of the resistance which each of these mus-
cles has encountered. The curve a of the median pectoral is that of a 
muscle acting on a weight; it seems to indicate that the inertia of the 
wing is the only obstacle which the elevator muscle has to overcome. 
The curve b shows us a deflection, during part of which the contraction 
of the muscle takes a slo...,·er motion; it is here tbat the resistance of 
tbe air is interposed. 'l'hese things happen, then, exactly as in the 
experiments which I have made upon my own muscles and those of the 
frog. But ~~on may ask why the deflection of the curve is not produced 
sooner; and if the depressor muscle can rapidly contract for a. certain 
period before encountering sufficient resistance from the ah· to impede 
its motion. This is just what happens; we have the proof of it in the 
anatomical disposition of the attaehmcnts of the great pectoral muscle. 
\Ve shall Hee hereafter how the motion of the humerus around its articula-
tion is produced ; at present I will only say that in the first part of its 
action the great pectoral in contracting produces a pivot-like motion of 
the wing upon the Lead of the humerus, and that in this first motion 
the muscle <.loes not experience the resistance of the air which retards 
its contraction an instant later. 
The reader will perhaps consider that an inordinate number of de-
ductions are made from the forms of the euryes of tlw muscles; but 
those who will familiarize themselves with the uRe of the registering 
apparatus, amlin particular with the myograph, will soon be convinced 
that chance does not enter into the formation of the curves, but that the 
details should find their explanation in the dynamic conditions of the 
production of muscular pO\Yer. 
Jlfotions e.r:ecuted by the wing of a bircl d~tring flight.- vYe ha-Ye seen, 
in regard to the mechanism of the flight of insects, that the fundamental 
experiment has been that which has shown the trajectory of the point of 
the wing iu each of its evolntious. The knowledge of the mechanism of 
flight flows, so to speak, naturally from this first idea. The same deter-
mination i:::; equally indispensable for the flight of birds, bnt the opti~ 
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method is here inapplicable. The motion of a bird's wing, while too 
rapid to be followed by the eye, is not sufficiently rapid to form a 
persistent impression of its entire trajectory upon the retina. The 
graphic method, which I have hitherto employed, only furnishes 
impressions of motions which happen to follow a straight line, and it is 
only by combining this rectilinear movement with the revolving cylinder 
with a smoked surface that the expression of the rapidity with which 
the motion is effected at each instant is obtained. 
The problem is to find the means of registering on an immovable 
plane all the motions which the point of a bircl's wing makes in space, 
as if a style had been placed at the end of the wing, and this style 
traced or rubbed on a piece of paper by its side. It is still further 
necessary to have a figure of the same nature as the luminous :figure of 
the gilded wing of an insect, that the piece of paper on which the trace 
is to be made shall remain motionleRs in regard to the center of motion 
of the wing of the flying bird, or in effect tllat it sllall follow the bird in 
all its phases of impulsion tllrongh space. . 
Now, physics teach us that all motion susceptible of registration in 
one plane can be generated by the rectangular combination of two 
rectilinear motions. The tracings obtained by Krnnig by arming a 
vibrating Wheatstone's rod with a style, the luminous :figures of musical 
chords which M. Lissajous has produceu by the reflection of a ray of 
light from two vibrating mirrors perpendicular to one another, are well 
known examples of the formation of a plane figure by means of two 
rectilinear movements. Thus, admitting that the motions of elevation 
and depression of the wing can be transmitteu at one time, as well as 
the back and forward motions of this organ, by supposing that a writing 
style can simultaneously receive the impulse of these two motions, per-
pendicular to each other, this point will write on the cylinder the exact 
:figure of the motions of the bird's 'ving. I tried at :first to construct an 
apparatus which would thus transmit such a motion to a distance and 
register it, without concerning myself with the way in which I might 
apply this rather weighty mechanism to the bird. 
Fig. 23 represents this provisional apparatus, the description of 
which is indispensable tor the comprehension of the second mechanism, 
which I shall describe hereafter. Upon two solid feet, carrying vertical 
supports, are seen two horizontal arms parallel to each other. These are 
two aluminium levers which, by the transmitting apparatus to be 
described, should both execute the same motions. Each of these levers 
is mounted on a ball-and-socket joint, or double articulation, which 
permits all kinds of motion; thus each lever can be carried above, 
below, to the right or to the left. It can by its point describe the base 
of a cone of which the joint will be the apex. In fact, it will execute 
any kind of motion which the experimentor may choose to impart to it. 
It is also necessary to establish the transmission of motion from one 
lever to the other at a distance of ten or fifteen meters. This is done 
by means of a process with which the reader is already familiar-the use 
of clrums and air tubes. 
The leYer, which is seen at the left in the :figure, is fastened by a 
metallic arm articulated at one of its extremities to the membrane of a 
drum placed below it. In the vertical motions of the lever the mem-
brane of the drum rises or falls by turns, producing a throbbing motion 
of the air in another drum through a long tube, which establishes a 
communication between them. In the apparatus to the right in the 
figure, the second drum is placed above the corresponding lm~er articu-
lated \Yith it, and faithfully transmits all the motions which have been 
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imparted to the first drum to the left. These mov-ements will be in the 
same direction in both levers on aceount of the inversion of the position 
of the drums. If we depress the first lever it presses down the mem-
brane of the drum below it, inducing a pressure which lifts the mem-
brane of the second drum, and consequently lowers the seconrl lever 
conversely; the elevation of the first lever produces an influx of air, 







































































Proceeding in the same manner to transmit motions in a horizontal 
plane, I have placed at the right of one of the levers and at the left of 
the other a drum with the membrane in a vertical plane, which imparts 
18 s 
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lateral motions to these levers. These motions are transmitted by a 
special air-tube, as before. In the apparatus thus constructed, if we 
mm·e the end of one of the levers with the finger, the other lever will 
be seen to execute the Rame movements with perfect fidelity. The only 
differencP. consists in a. slight diminution of amplitride. This happens 
becanse the air contained in the tubes and drnms is slightly compressed, 
and in consequence does not transmit. the whole of the motion which it 
receives. It is easy to remedy this defect, if it be one, by placing the 
ball-aud-socket joint a little nearer the point whence the motion is 
transmitted to the second lever. But it is better not to attempt too 
great amplification, because the friction is thus augmented and the 
force which should overcome it is diminished. 
After haYing determined that the transmission of such motion can be 
effected in a satisfactory manner by means of this apparatus, I have 
sought for the means of tracing these movements upon a plain surface. 
The difficulty which before presented itself, when I endeavored to apply 
the graphic method to the study of the wing-strokes of insects, again 
appeared, but this time there was no means of elurling it, and I con-
teuted myself with partial tracings. The point of the second lever de-
scribed a spherical figure in space which could not be tangent, except as 
a point, to the smoked surface, which should receh·e the trace. In conse-
quence, I should have to register the pr~jection of this :figure on the 
plane. Ilelmholtz had also encountered the same difficulty in the con-
struction of his myograph, and had solved it by causiug the point of 
the writiug style to rub coutinually on the smoked surface by means of 
a weight. But as I could not attach a weight to the extremity of my 
lever, I resolved to the following expedient, shown at the end of the 
lever, in Fig. 24. It is large at 
the base in order to resist all 
lateral deviations from friction; 
this base is fixed on a vertical 
piece of aluminium which is 
attached to the extremity of 
the lever. In this way tlle 
point of the contriYance, which 
performs the office of a. style, is 
Fig. 24. 
situat.ed exactly opposite the D-(:·l:· -~-=~- -~-·=--=====:;::::;::;;:::::~=~~==.; 
end of the lever whose motions 
it registers. If the lever be 
elevated and takes the position 
Elastic point tracing upon smoked glass. 
indicated by the dotted lines in Fig. 24, in traversing this space it bas 
described the arc of a circle, and its extremity will be no longer on the 
same plane as before, but the elasticity of the contrivance will have 
carried the point of the style forward, and it will therefore continue to 
be iu contact with the plane upon which it is tracing. Thus the lever 
elongates or shortens according as the casP- requires, and its point con-
tinuallyrubs upon the plane. I should add that the surface upon which 
the tracings are received is of :finely polished glass, and that the con-
trivance which I have used is so delicate that the pressure which it 
exercises produces scarcely any friction. 
The apparatus being thus constructed, it must be submitted to verifi-
cation, to ascertain whether the motions are faithfully transmitted and 
registered. To do this both levers of Fig. 23 are furnished with simi-
lar styles, placed against the same smoked glass; and moving one of 
the levers with the band, for instance, so as to write my name, the 
other lever should reproduce the same signature. It frequently hap-
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pens that the transmission is not equally good in both directions, which 
is perceptible by the deformity of the transmitted figure, which is in-
creased more or less in height or breadth. This deficiency can always 
be corrected, since it is due to tile membrane of one of the drums being 
stretched more than that of the other, and hence yielding less easily to 
pressure. It is very easy to equalize the tension by tightening the mem-
brane ·of the other drum until the figure traced by the first lever is 
identical with that traced by the second. 
The modifications by means of which I have rendered this trans-
mission applicable to the study of the motions of the wing of a flying 
bird, are as follows : 
~ T h e apparatus 
·~ necessarily being 
~ heavy, it required 
"E a large bird to carry 
_t> it. Strong adult ·s harriers served for 
~ the experiments. I 
~ fixed a light strip 
] of wood upon the 
-;, bird's back, upon 
.a which the appara-
1$ tus was placed, by 
:3 means of a kind of 
~ corset, which left 
~ the wings and feet 
§ free. That the le-
~-------.. ~ vermightfaithfully 
• ~ execute the same 
~ motions as the 
.;£ bird's wing, the ·s joint of the lever 
§ should be placed 
~ in contact with the 
~ humeral articula-
:.g Hon of the harrier. 
£As the presence of 
e the drums by the 
~ side of the lever 
~ does not permit this 
: immediate contact, 
~ I had recourse to a 
~parallelogram, 
·~ which transmitted 
~ to the lever of the 
·~apparatus the 
~ movements o f a 
·~ long arm of which 
~ the center of mo-
~ tion was very close 
to the articulation of the bird's wing. Finally, to obtain an identity of 
motion between the arm and the harrier's wing, I fixed on the bastard 
wing, that is to say, on the metacarpal portion of that organ, a well cut 
screw-vise, furnished with a ring, through which passed the steel arm 
of which I have just spoken. 
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Fig. 25 represents the harrier :flying with the apparatus in ques-
tion ; below hang the transmitting tubes of the registering apparatus. 
After a great many fruitless attempts and chang·es of construction of 
the apparatus, which, being very fragile, broke at almost every flight of 
the bird, I succeeded in obtaining satisfactory results. During :flight 
the registering lever described a kind of ellipse, but I was obliged to 
give up registering this figure upon a stationary glass. The motions 
of the wing differing at different moments of :flight, the style did not 
pass over the same points, and I obtained a very confused tracing. I 
then resolved to use a glass moYing horizontally at a uniform rate in 
order to obtain an ~xtended figure, which I could afterward submit to 
a geometr~ correction, and thus obtained as it should be, if traced on a 
stationary surface, a figure for each instant of :flight. 
Figure 26 represents one of the numerous 
tracings which I have thus obtained. The per-
fect uniformity of these tracings gives me en-
tire confidence in their correctness. To ana-
lyze the meaning of this curve, it is necessary t:d 
to know how the bird :flies, how the apparatus ~ 
iR arranged, and in what direction the smoked ~ 
glass moy·es while receiving the tracing. The a 
observer being placed opposite the glass, on a· 
the smoked side, sees it move from the right ~ 
to the left; between the glass and himself is a g' 
tracing apparatus, with the lever rubbing upon 8 
the smoked surface directly in front of him. ~ 
The bird :flying from right to left, in a plane ~ 
parallel with that of the glass, carries the lever ;;:: 
of the apparatus on his right ·wing, so that the ;' 
respective levers of the two machines are al- "g 
ways parallel to each other. This being a· 
known, the tracing should be read from left ~ 
to right. We have seen that the tracing con- :; 
sists of a kind of ellipse, which the motion of ~ 
the glass extends into a spiral. The move ~­
ments, more extended at the beginning of~ 
:flight, gradually lose a little of their ampli- ~ 
tude, and retain a uniform character for some ~ 
time. g. 
This figure somewhat resembles that which ;:l 
we obtain from a Wheatstone's rod, according s 
to the unison which traces the ellipse which a 
its point describes upon a surface moving from o 
right to left. Fig. 27, showing the tracing ; 
of this rod, admits the comparison of the~ 
two. ~ 
The wing of a harrier thus describes a sort o"i: 
ellipse, but it is necessary to determine more 
exactly its shape, and to correct the error caused 
by the motion of the glass plate. 
Such a correction is impossible, unless we know the elevation attained 
by the wing at the end of successive and equal intervals of time. This 
once obtained, if we trace parallel horizontal lines representing the 
position of the wing at each of these successive moments, these lines 
will cut the descending curve at points which correspond to the succes-
sive equal intervals of its course. It is clear that if these successive 
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points of the curve have been produced at equal intervals of time, each 
of them, under the influence of the motion of the glass plate, will ha\"e 
a constant deviation toward the right, bearing a stated relation to the 
preceding point. The correction thus consists in carrying the second 
point back toward the left twice this amount, the third point three times 
F' 21 this amount, and 
'Ig. · so on. The ascend-
ing portion of the 
curve should also be 
submitted to this 
correction, and sim-
ilarly each part of 
the tracing. But it 
i s precisely t h e 
height which tbP. 
wing attains in the 
different ascending 
Ellipse traced by a Wheatstone's rod upon a turmng cylinder. and descending mo-
tions of its course which we do not know; but this want can be sup-
plied by the apparatus in the following manner : 
Since the principle of this mechanism is founded upon the transmission 
of two motions, perpendicular to each other, vertical and horizontal, it 
suffices to suppress the transmission of the horizontal motion to obtain 
the curve of elevation immediately; that is to say, the expression of the 
height of the wing at each instant of its course. For this I obstruct the 
tube of lateral transmission, let the bird fly, and obtain the curve of the 
heights of the wing at each moment. 
The correction being made, and Fig. 26 being selected to show the 
course of the point of the wing during one of its evolutions, and pro-
jected upon a stationary plane, we obtain .Fig. 28. 
"L'' 28 The arrows indicate the direction in which the wing xlg. . 
moves. 
Is this the form characteristic of all birds; or is it 
only that of the harrier, in the conditions of flight 
in which it has been placed~ 
The last supposition appears to be the most prob-
able; we can see, even while comparing the form of 
the tracing at different instants of its flight while 
under experiment, that the ellipse is greater and more 
open 1n the first strokes of the wing than in the last. 
It is, however, necessary to except the second stroke 
of the wing, whiCh has given me a narrower ellipse 
ConrsJ . space of the than any other, in all the experiments which I have 
extremity of the wing, ro d I d t k t h t 1 · 1 .r · t duced from the motion of rna e. o no now o w a t us spema 10rm IS 0 
the bird. be attributed, but have thought it worth while to men-
tion it on account of its constancv. 
Of the rotation of the lHmterus a"nd the changes of the plane in the wing 
during jiight.-The wing of a bird, like that of an insect, must meet 
with a sufficient resistance from the air in its motion upward and down-
ward to incline its flexible portion, namely, that which forms the webs 
and coverts. Th1s cause does produce a change of the plane of the 
wing, but there is another even more powerful, for it places the wing at 
the outset of the depressing motion in a favorable position for the dJuble 
propulsion which is produced. I refer to the pivot motion which the 
humerus executes around its axis at each contraction of the great pec-
toral. It is enough to examine the bony crest on which the large tendon. 
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of the great pectoral is inserted, and to consider that this crest is situ-
ated on the anterior edge of the hnmerus, to comprehend that the action 
of the great pectoral, who~e fibers are carried backward and downward, 
should produce a rotary mot.ion of the humerus around its longitudinal 
axis. The conformation of the humeral articulation is perfectly adapted 
to this motion. Finally, the existence of this rotation is rendered still 
more necessary by the resistance which the air presents to the back of 
the wing and opposes to the descent of its feathered portion. We can 
demonstrate the existence of this motion and measure its extent by 
means of the regi~tering apparatus. But I have thought it best to defer 
these researches, especially as they necessitate the construction of spe-
cial apparatus, which would require numerous experiments, and would 
produce, after all, results of yery slight importance. In fact, we are 
enabled to deduce from the attachment of t.he muscles the nature of 
the motion which they produce, and this deduction is especially easy. 
I have always sought to verify the existence of this rotary motion of 
the humerus, and to measure its extent, by the application of electricity 
to the muscles of the bird. In the experiment for measuring the static 
power developed by the contraction of the great pectoral muscle, previ-
ously described, I noticed that at each excitement of this muscle the 
· hr:.merus executed a rotary motion upon its axis. I fixed in the humerus 
a rod, perpendicular to its axis, and was· enabled, by the angle formed 
by the two positions of this rod, to demonstrate that the rotation in the 
barrier corresponded to an angle of thirty-five or forty degrees. It 
seemed that the limits of tllis angle were fixed by the attachments of 
the median and great pectoral muscles. If traction be exerted upon 
the two antagonistic muscles of a newly dissected bird, it will be seen 
that the median pectoral raises this member so that its upper face is 
turned somewhat backward. The action of the great pectoral changes 
this position of the wing completely, and carries its upper face strongly 
upward and even a little for-ward. These expressions, upward aud 
downward, are relative to a plane cutting the bird into a dorsal and a 
ventral half; but this plane, doubtless; is not entirely parallel with the 
horizon during flight. But it is certain that the resistance of the air 
sllould give a mnch more pronounced deflection to the feathers during 
the more rapid descent of the wing. 
The most difficult to measure of the influences which change the plane 
of the bird's wing is that which relates to the pressure of the air on the 
feathers. Perhaps it may not be impossible to devise an apparatus 
capable of measuring it, but it so. varies with the Yariations of the 
velocity with which the wing is lowered, that any measurement which 
might be obtained would be only the expression of a particular case. 
It is very probable, on the contrary, that the change of plane due to the 
action of the pectoral muscles i~ a much more constant. phenomenon. 
We can infer the action of the two motions of the bird's wing from what 
has. been said of the mechanism of the flight of insects. It is evident 
that the descent of the wing will have the double effect of raising the 
bird and of imparting to it a horizontal motion. As to the ascent of the 
-wing, its office cannot be the same, because the imbrication of the 
feathers does not offer a resistant surface to the air. . 
Everything tends to show that the ascending wing cuts the air with 
its anterior edge, but,.as we shall see, another phenomenon occurs which 
uplifts the body of the bird during the elevation of the wing; this is 
the transformation of the impulse which the bird has acquired during 
the lowering of the wing. This impulse is changed in rising, by a mech-
anism analogous to that which raises the toy kite. 
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In a remarkable study of the flight of birds, l\I. Liais Ltt,S been led, 
through observatiop. a.nd deduction, to adopt this theory, to which the 
experiments about to be described, I trust, will add new proofs in its 
favor. · 
Before leaving the subject, it is necessary to mention the existence of 
certain other motions in the flight of small birds. I refer to the folding 
and unfolding of the wings. But the existence of these motions does 
not seem to be constant, and the eye cannot perceive the least trace of 
them during the flight of the large birds upon which I have experi-
mented. I shall, therefore,. omit the study of these motions, and of their 
possible effects, au<l restrict my conclusions on the mechanism of flight 
to a certain number of determinate species of birds. 
The study of the motions of the wings of birds during flight necessa-
rily includes the effect produced by each of these movements. We are 
tempted to deduce these effects from the nature of the motions which 
generate them, but it is safer to obtain the solution of this complicat;· i 
problem from experiment. Two distinct effects are pro<luced durin~· 
flight: first, the bird is upheld against the force of gravity; second., it 
is propelled horizontally. Is the bird in the air sustained at a constant 
elevation, or is it rather subject to oscillations in the vertical plane 1 
Does it not exhibit, by the intermittent effect of the strokes of its wings, a 
series of ascents and descents, the frequency and. extent of which can-
not be observed by the eye "? Is not the bird also subjected to a varia-
ble velocity in its horizontal course~ Does it not receive a jerking 
nwtion fi.'om the action of its wings~ These questions can be solved by 
experiment, in the following manner : Since we possess the means by 
which distant motions produced by pressure exerted upon a drum filled 
"With air are made to record themselves, we must seek to connect the 
movements which we would study with a pressure of this kind. The 
oscillations which the bird executes in the vertical plane should be made 
to produce alternately strong or feeble pressure on the membrane of the 
drum, according as the bird rises or falls. The same should be done in 
seeking the variations of its horizontal velocity. Suppose that a flying 
bird carries upon its back a light metallic drum, like the one already 
described; that the membrane of :this drum be turned upward, and that 
this instrument be put in communication with the registering- appara-
tus by means of a long tube. If the membrane of the drum freely par-
takes of the motions of the bird it will not produce any displacement of 
the air in the apparatus, and the registering lever will remain motion-
less. But if we prevent the membrane from partaking of all the motions 
of the bird, if we can give it a tendency to remain at rest while tlle 
drum is moved, motion will be produced in tlle air with which the drum 
is filled, and the signals will be registered by the lever. Now, we cau 
-produce this tendency to remain at rest upon the membrane by loading 
it with an inert body, such as a disk oflead. 
Fig. 29 shows the drum with an inert mass upon its membrane. 
This mass is formed of disks of lead, of which a certain number can be 
added or taken off, until the apparatus responds satisfactorily to the 
motions of vertical oscillation imparted to it, In this arrangement the 
movements in the horizontal plane are without influence upon the appa-
ratus. If the drum is suddenly raised, the inert body, not participat-
ing in this elevation, depresses the membrane .exactly as if the mass 
itself had been depressed, and the drum bad remained motionless. Con-
versely, when the drum descends, the inertia of the mass resists the 
motion, as if it or the membrane bad been raised and the drum had 
remained motionless. We may remark that the movement of the lever 
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is in the same direction as that of the drum; that is to say, if the drum 
be raised, the lever also raises itself. It may happen, with an apparatus 
of this kind, that in the motion of the wings rubbing may be pr9duced 
on the membrane of the drum, which will make confusion in the signals. 






















































network, as seen in Fig. 29. The drum is there represented in the 
hand, held by the transmitting tube connecting with the registering 
apparatus. If the drum is moved in the vertical plane, the lever is seen 
to move in the same direction, at the same instant of time, and with au 
amplitude proportionate to the motions of the hand. If, on the con-
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trary, we give the mass a lateral motion, no effect is produced upon the 
lever, and no signal is made. But it may be said that an inert mass 
placed on an elastic membrane tends to execute vibrations peculiar to 
itself, and that the apparatus will transmit these vibrations of the mass 
of lead and the membrane which carries it independently of the oscilla-
tions of the bird. How shall we get rid of this complication~ The law of 
vibrations teaches us that the duration of the double period of each of 
them varies with the weight of the vibrating body, and with the elastic 
force of the lamina which carries it. The greater the mass, and the 
feebler the elasticity, the longer will be the period of vibration. Now, 
the motions which we are studying are rather frequent, some birds 
making eight or ten strokes of the wing per second. If we arrange it so 
that the period of oscillation of the mass of lead itself is much longer 
than that of the bird, we shall no longer be troubled by the complica-
tion of these interfering motions. By employing a heavier mass and a 
less tense membrane, a good transmission of motions, which are not too 
slow, may be obtained, for instance, such as last less than half a second. 
It is not necessary, either, that the instrument should be applied to the 
study of the oscillations of all species of birds. 
But to make sure of the accuracy of the apparatus it should be veri-
fied by the method much like that which I have used to correct all my 
apparatus. This consists in making, directly by hand, the tracing of 
the motion which I have imparted to the weighted drum, and observing 
whether the registered motion was the same as the first. 
Experiments made upon different kinds of birds, ducks, harriers, hen-
hawks, and owls, have shown me that, in relation to the intensity of the 
oscillations in the vertical plane, very varied types of flight exist. 
Figure 30 shows tracings, furnished by different kinds of birds, upon 
a cylinder turning at a uniform rate, and contrasted with a tracing pro-
duced by a tuning-fork making 100 vibrations per second. These 
tracings enable us to estimate the absolute and relative duration of the 
oscillations of flight in these different birds. It follows from these 
figures that the frequency and amplitude of the vertical oscillations vary 
a good deal with the kind of bird under consideration. 
To better comprehend the cause of these variations, let us register at 
the same time the vertical oscillations of the bird and the action of the 
muscles of its wing. If we make this double experiment upon two birds, 
differing in their manner of flying, such as the wild duck and the har-
rier, the tracings represented by Fig. 31 will be obtained. 
The duck presents two energetic oscillations at each revolution of its 
wing; the one at b, at the moment when the wing relaxes, is easily 
understood; the other, at a, at the moment when the wing rises. To 
explain the ascension of the bird, during the time of elevation· of the 
wing, it seems to me indispensable to call in the action of the boy's kite, 
previously alluded to. The bird, moving forward with acquired velocity, 
presents its wings to the air in an inclined position, similar to that of 
the kite, and thus transforms its horizontal force into an ascending one. 
The flight of the harrier presents the ascension which accompanies the 
elevation of the wing, in a smaller degree. May not the cause of this 
difference be recognized as a smaller relative inclination of the wing 
toward the horizon ? 
Determination of the different phases of the evolution of the wing, to which 
the vertical oscillations correspond.-The interpretation of these curves 
throws light at once upon the experiments made on the Yariations of the 
transformation of velocity in the bird, at different moments, during 
the evolution of the wing. 
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Fig. 32. 
Fig. 30. Line 1. Chronographic trace of a tuning-fork, vibrating lQO times a second; 
2. Vertical oscillations of the wild duck during :flight. 3. Oscillations of the hen-hawk. 
4. Of the screech-owl; and 5, of the harrier. 
Fig. 3~- Simultaneous tracing of both kinds of oscillations executed by a harrier 
during flight . 
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.But, before going further, we may remark that the preceding experi~ 
ment furnishes a very precious lesson in the theory of :flight. In fact, if 
the bird executes a series of ascents and descents1 the duration of the 
descending period will approximately infm·m us of the . amount of the 
positive work which the bird must perform to rise again to the height 
from which it fell, and we see that the duck, which makes nine vibra-
tions of the wing per second, executes two vertical oscillations during 
Fig. 31. 
In the upper half is seen superposed the muscular tracing, and that of the vertical 
oscillations in a wild duck. Below the undulation a, whi(ih mchcates the eleYation of 
1;he wing, is seen a vertical oscillation; and another, below b, w hicb mchcates tbe low-
ering of the wing. In the lower portion are the same tracings obtainecl from a barrier; 
here t,he oscillation at a, which corresponds to the elevation oftlle wing, is less marked 
than in the duck. · 
each vibration, or eighteen in a second. Each oscillation 1s composed 
of a, rise and fall, so that each descent of the bird cannot last more than 
one thirty-~ixth of a second. Now, if we substract the effect produced 
(as in a parachute) by the outspread wings of the bird, we :find that a 
body ·which falls during one thirty-sixth of a second traYerses only fifty-
two millimeters. This fall repeated eighteen times a second constitutes 
a total rise of 9.36 centimeters, necessary to maintain the binl in the 
same horizontal plane during one second. 
In the tracing of the harrier, the descents are less than in the wilrl 
duck, probably on account of the large surface of the wings of this bird. 
Detennino,tion of the 1xtriations of the rapidity of .fiight.-The second 
question to be solved relates to the determination of the Yarious phases 
of rapidity of flight. The solution can be found in the following man-
ner: If the weighted drum l>e placed upon the binl's back in a vertical 
plane perpendicular to the direction of flight, it will be iu~Sensible to 
vertical oscillations, and will only indicate those of forward and back-
ward; also, by turning the membrane of the drum forward it is clear 
that if tlw advance of the bird is accelerated, the retardation of the 
wmght on the translation of the apparatus will produce a crmvding of 
the air in the second urum, and an eleYation of the registering lever, 
while a relaxation of the effort of the bird will bring abont a descent of 
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the registering lever. Experiments upon the kinds of birds previously 
mentioned furnish tracings analogous to those of the vertical oscilla-
tions. If it is true, as I suppose, that the vertical oscillation of the 
bird at the moment of raising th~ wing be due to the upward trans-
formation of velocity, by obtaining, simultaneously, the tracing of the / 
vertical oscillations and those of the variations of velocity, we shall 
have the means of confirming this theory. When obtaining at one 
time the two kinds of oscillations in the flight of a harrier, f have seen 
that the phase of descent of the wing resulted both in the elevation ot 
the bird and the acceleration of its speed. This effect is the necessary 
consequence of the inclination of the plane of the wing at the moment 
of its descent, as we have previously shown in the flight of insects. As 
for the phase of elevation of the wing, it is proved that during the 
slight ascension which it produces the speed of the bird is diminished. 
In fact, the curve of the variations of ru,pidity falls as soon as the bird 
begins to rise. This is, then, a confirmation of the previously suggested 
theory of the upward transformation of the speed of birds. Thus by 
this mechanism the descending stroke of the wing creates the force 
which produces the two oscillations of the bird in the vertical plane. 
The downward stroke directly produces the ascent which is synchro-
nous with it, and indirectly by creating the velocity which prepares for 
the second vertical oscillation. 
Sim~tltaneous tracing of the two kinds of oscillation of the bird.-Instead 
of representing each kind of oscillation separately, I have thought that 
it would be mor.e instructive to obtain a single line which, by its curves, 
should represent both· of the movements which the body of the bird 
executes in its course through space. The method which has been used 
to obtain the curve of the point of the wing, with some modifications can 
be made to furnish a simultaneous tracing of both kinds of motion. 
For this both drums must be connected with the same inert mass, and 
placed at right angles to each other. Turning back to Fig. 23, which 
shows the two levers connected by tubes which transmit to the one all 
the motions executed by the other, when any motion is imparted to the 
first lever, the second lever reproduces the same motion in the same 
direction. Now, let us charge one of the levers with a mass of lead, 
and, taking the support of the apparatus in the band, make_ it describe 
some motion in a plane perpendicular to the direction of the lever. We 
see that the lever No. 2 executes directly opposite movements. In 
fact, since the motive force which acts on the membranes of the drums 
is simply the inertia of the mass of lead, and since this mass is always 
behind the motion given to the apparatus, it is clear that if the whole 
be raised the mass will keep the lever down; if the whole be lowered, 
the mass will raise the lever; if it be carried forward, the mass will hold 
back the lever, &c. Now, the 1Second lever, executing the same motions 
as the first, will give curves which are directly the opposite of the mo-
tion which has been given to the support of the apparatus. This being 
settled, now for the experiment: For this I take the apparatus repre-
sented on the back of the harrier in Fig. 25; I remove the rod which 
receives the motion of the wing, and the parallelogram which transmits 
it to the lever. I keep only the lever connected with the two drums and 
the mounting which attaches it to the bird's back. I fix a mass of lead 
on this lever and let the animal fly. The tracing obtained is repre-
sented by Fig. 32. 
The analysis of this curve is at first sight extremely difficult . . I hope, 
however, to succeed in showing its signification. It is traced on the 
cylinder under the same conditions as Fig. 26, showing the different 
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motions of the point of the wing. The glass plate moves from the right 
to the left; the tracing is read from left to right. The head of the 
bird is toward the left; this flight is in the direction of the arrow. 
We can divide this figure by vertical lines passing through homologous 
points, cutting it either at the top of the loops or at the summit of the 
simple curves, as represented at the points a and e. Each of these divi-
sions incloses similar elements, although their development is unequal in 
different parts of the figure. For the present we shall neglect these 
details. 
It is evident that the periodical return of similar forms corresponds 
to a return of the same phases in an evolution of the bird's wing. The 
.division a e thus represents the different motions of the bird during an 
alar evolution. 
Let us recollect that in the curve which we are analyzing all the mo-
tions are the reverse of those which the bird really executes. The two 
vertical oscillations, the great and the small, should then be represented 
by two downward curves. It is easy to recognize them in the great 
curve abc and the small curve c cl e. Thus the bird rises from a to b, falls 
from b to c, again rises from c to d, andre-descends from d toe; but these 
oseillations encroach on each other, producing the loop c d. The oscilla-
tion c de partly covers the first anteriorly. This is a proof that the indica-
tions of the curve are the 'everse of the true motion; for, at this 
moment, the bird recedes, or, at least, relaxes its course. As the appa-
ratus is only sensible of chang~s of velocity, it is clear that the tracing 
does not take the uniform rapidity of the bird into account, but indi-
cates acceleration as a forward movement and retardation as a retro-
grade movemE:!nt. This figure, then, sums up all the preceding experi-
ments which we have made on the motions of the bird in space. It is 
here seen that the bird at each eYolution of its wings rises and falls 
twice, successively; that these oscillations are unequal; the larger, as 
we know, corresponding to the depression of the wing, the smaUer to 
its elevation. It is also seen that the ascent of the bird during the 
raising of the wings is accompanied by a retardation of its speed, which 
justifies the theory by which this ascent has been considered as made 
at the expense of the bird's acquired velocity. But this is not all; this 
curve also shows us tliat the motions of the bird are not the same at 
the beginning and end of flight. vVe have seen already (Fig. 20) 
that the first strokes are more extended than the others; we now see 
that at first-that is, at the left of the figure-the oscillations produceu 
by the descent of the wing are also more extended. But theory fore-
told that the oscillation of the elevation of the wing being derived from 
the acquired speed of the bird should be very feeble at the beginning 
of flight when the animal has acquired but little impetus. The figure 
shows us that this does ·happen, and that at the beginning of flight the 
second oscillation (which forms the loop) is very insignificant. 
At last, then, we are in possession of the principal facts upon which 
the study of the mechanical power developed by the bird during flight 
can be established, and we see that it is during the descent of the wing 
that the entire motive force which sustains and directs the bird in space 
is created. 
THE NORTHERN SEAS. 
BY M. BABINET, of tho .Acac1emy of Sciences. 
[Translated for the Smithsonian Institution.] 
Thanks to modern voyages, particularly since the many and praise-
worthy expeditions in search of Sir John Franl~lin, we have to-day the 
assurance that the arctic pole is surrounded by a narrow and continu-
ous sea, bounded on one side by t,he eternally congealed polar space, 
and on the other by Northern Europe, Siberia, or Northern Asia, and 
lastly all of America in the higher latitudes. A navigator starting from 
Dunkirk, on the meridian of Paris, might proceed straight to the pole 
without encountering land, but stopped by the never melted barrier of 
ice ; if he turned to the right toward the east, he would leave to tlw left 
and north Spitzbergen, and to the left an<f south, North Cape. Passing 
over the White Sea, he would leave the Polar Sea of Europe at Nova 
Zembla; then coasting along Siberia, he would come into the somewhat 
less contracted basin beyond Behring's Strait. Then passing along 
Northern .America, and descending considerably in latitude, he would 
at last arrive at Lancaster Sound, through which the American Polar 
Sea empties into the great canal, separating Greenland from the New 
World. There the navigator would be obliged to descend greatly to-
ward the south, in order to attain the point of Greenland, after having 
traversed almost the entire polar circle. After passing through Davis 
Strait he would enter the basin between Europe and America, termi-
nating the northern Atlantic, which has .for its limits Labrador, New-
foundland, Great Britain, Norway, the polar circle, Iceland, and lastly 
Cape Farewell, at the extremity of Greenland. This nortl.tern basin of 
the Atlantic, which communicates at the east ~)n\l west with the glacial 
seas, has for companion and analogue the northern part of the Pacific 
Ocean, enclosed by Kamtchatka, Behring's Strait, Russian and 
British America. It is not fully determined whether the Pacific sends 
through Behring's Strait a current of temperate water into the 
American glacial sea, as the Atlantic does to the glacial sea of the Old 
World, through the passage separating Cape North from Spitzbergen. 
As to the existence of a current, following the course we have just 
described as pursued by the imaginary navigator, compassing the 
polar regions and moving always to the east, it is an undoubted fact, it 
seems to me, and at the seasons when the maritime regions traversed 
by this current are frozen, it nevertheless continues its course under the 
ice. It should be observed that a similar current flows from the west 
toward the east, making the circuit of the other pole of the earth ; but 
as the domain of the latter consists entirely of shoreless seas, it follows 
its course without interruption toward the east, and accomplishes its 
revolution without change of distance from the pole, its direction un-
altered by projections of land, like that of Greenland, which greatly 
complicate the mechanical circumstances, and modify the course of the 
two great oceanic rivers (an expression of Homer) which I have added 
to the five great currents noticed in the admirable work of M. Dupeny of 
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our institute, e.nd confirmed by the map of M. Findlay, published in 
England in the Journal of the Royal Geographical Society. 
The northern basin of the Atlantic is, as I have just ~aid, entirely 
analogous to the northern basin of the Pacific. The whale, the seal, the 
porpoise, and fisheries in general, attract the same European and 
American navigators. The warm currents, ascending from the equator, 
produce upon the eastern and western shores of each the same climate 
and the same vegetation. 
Upper California and Oregon rival Western Europe, and when the 
hardy settlers of the Anglo-Saxon race have peopled the more northern 
shore of the Pacific basin, it will equal the Notwegian coast, where, 
according to Horace, 
--Ubi Scandia dives 
Halecas totum mittit piscosa per orbem. 
""There rich Scandinavia catches herring for the whole world." One of 
our statesmen has predicted that here will be the seat of civilization in 
1957. 
l\1. Arago has often said, quoting Napoleon I, that the most powerful 
of all rhetorical figures is repetition. I therefore repeat what I have 
written before, that the superiority of •northern climates over those of 
the south is due to the fact, that almost all the temperate water of the 
great warm current of the equatorial region ascends to the north, as in 
the Atlantic, by the Gulf Stream) giving to Norway the rich culture which 
was the admiration of the observers of La Reine Hortense in 1856, and to 
Oregon the giants of the vegetable world, trees of100 metres (330 feet) in 
height. Look at the map of l\1. Duperrey, who has discovered one of the 
three currents which carry the warm water of the equator to the south. 
Observe those three currents, that of the Indian Ocean, the South Pa-
cific, and Australia; mark the small amount of water carried by them 
only a short uistance from the equator toward the antarctic pole, while 
the two great and powerful currents of the Atlantic and of the northern 
Pacific take from the equator even almost the entire mass of water of 
~be warm current encircling the intertropical world, to transport it to 
latitudes in our hemisphere equal or superior to those of the north of 
Scotland. 
Notwithstanding the contents of many original memo1rs upon the 
question of the excess of temperature of the northern over the southern 
hemisphere, what a display the world of compilers still make of worn-
out lumber, of superannuated opiuions, relative to the causes which 
render our l::ttitudes immensely superior in climate to those of the south. 
We complain of the inadequacy of literary criticism in our day, but 
what may not be said of scientific criticism, when we see the finest minds 
led by the best accredited works, in ignorance of the actual state of 
science, to repeat the echoes of the meteorological data of 1800! 
These preliminary remarks were necessary to show the importance of 
all investigations made, or to be made, in the northern basin of the At-
lantic. The fishers of the Scandinavian shores, and the whaling expe-
ditions to Newfoundland, and the seas separating Greenland from 
America, follow routes so uniform, and deviate so little from tl?-e line 
leading directly to the Rcene of their labors, that one is surprised at the 
iucompleten<·ss of the records of their frequent passages. They work for 
money, not for science ; the field is therefore open to more disinterested 
explorers, and it is astonishing how much more information may be ob-
t:tilled from a single expedition of an intelligent tourist, than from the 
periouical emigration and return of the seamen of commercial Europe. 
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The short voyage of Prince Napoleon stands first perhaps in importance 
for facts collected on our polar seas. Claude bas said that not to be Lorn 
a king is to be a fool. It i.s at least a great, mistake for an explorer not 
to be a prince. The working force, intellectual and personal, of the great 
astronomical observatories is spoken of as that of a fall of water or a steam-
engine; may we not in a like manner calculate how many facts, observa-
tions, drawings, and specimens of all kinds could be collected in a short 
time by an intelligent leader, with a select corps of seamen and scientists, 
aided by every desirable means and commanding circumstances, rather 
than being controlled by them~ An immense volume of eight hundred 
pages in which there is nothing superfluous, scarcely suffices to contain 
the results of the rapid excursion of 1856. The archeological, descrip-
tive, political and economical parts of the observations find no place in 
this volume, although they should lJave been included in its records. If 
to this already very voluminous record could be added an accurate de-
scription of the rich collections brought back by the expedition, anum-
ber of curious facts might still be drained from it, and valuable samples 
given of the har\ests ready to be reaped by local collectors or future 
travelers. 
The publication describing the expedition of La Reine Hortense to 
the northern seas is divided into two distinct parts. The first consists 
of a rapid and sprightly narration of the events of the voyage from the 
oil mines of England to the country of Scottish clans; then to Iceland, 
Jan Mayen and Spitzbergen, to Greenland, the Faroe and Shetland Is-
lands, and lastly to the Scandinavian shores. A distance of twelve thou-
sand miles, accomplished in three or four months, is reviewed by the 
reader in six hundred pages. Then follow some scientific notices, in small 
text, which I think may be considered very valuable acquisitions to the 
knowledge of the globe. The nautical record of M. DuBuisson, and the 
geological reports of MM. Chancourtois and Ferri-Pisqani, are especially 
remarkable for the number and interest of the scientific observations 
they contain. I observe with pleasure that the last mentioned of the 
three authors named has not fallen short of the estimate I formed of his 
capacity, as we discussed together the future labors of the expedition, 
and when he was not yet before the public. With the mention of l\iM. 
De La Ronciere, Laroche-Poncie, and others who have not contributed to 
this volume, but whose obseryations are not less valuable than those of 
the authors of the scientific noti~es, it is evident that with a minimum 
of time the members of this expedition have accomplished a maximum 
of useful labor. It is a matter of regret that an especial article, among 
these excellent notices, had not been devoted to the magnetical observa-
tions, but they undoubtedly will be published hereafter. It is hardly neces-
sary to say, that I will adhere to these scientific notices in what I am 
about to say concerning the voyage of La Reine Hortense in the north-
ern seas, and two English publications relative to those regions. 
In regard to the currents of the ocean, several facts previously indi-
cated have been confirmed by this expedition, but in a question so com-
plicated and so debated very definite information is required. We see 
the warin current leave America, pass below Newfoundland, and arrive 
at Norway, after coasting along the south of Ireland, and passing through 
the groups of the Faroe and Shetland Islands. This benevolent dispen-
sation of the tropical seas then proceeds northward, and at the latitude 
of Upper Scandinavia divides into two parts. One half we shall not fol-
low far; it passes into the glacial seas of Europe and Siberia, of which 
it somewhat modifies the climate. The other ascends, or did ascend two 
centuries ago, to Spitzbergen, and renders that region habitable by bears, 
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Reals, porpoises, and whales ; then this part of the Gulf Stream turns to 
the left, descends toward Jan Mayen and Iceland, and passes between 
the latter island and the eastern shore of Greenland. By this return 
current floating wood is carried from the Gulf of Mexico and stranded 
upon the northern shore of Iceland; a deserted ship seen twice by the 
expedition proved its direction and rapidity, which coasting along the 
eastern shore of Greenland it also brings to Iceland large fields of ice, de-
tached from the belt which renders the island of Jan May en inaccessible, 
and perhaps extentls to Spitzbergen. This gloomy bordering of ice, which 
prevents the mariner from approaching the shore to which it adheres, is 
called" fast" or land ice, the debris broken oft' by the waves or by storms 
forms the field ice; which is generally not very thick, and the salt wa-
ter of which it is composed loses somewhat of its saline properties 
in solidi(ying. The icebergs have an entirely different origin, they are 
the o:ff:'spring ·of the glaciers, and are exclusively formed of fresh water. 
They are often several hundred feet in height, only about an eighth of 
which appears above tbe surface of the water some of them are almost a 
thousand feet in diameter and are the most formidable moving masses 
to be found in nature. These flotillas of ice mountains are principally 
encountered in the arm of the sea separating Greenland from America. 
They descend w]th the current which passes through Davis Strait, and 
are sunk so deeply into the sea that very often they are carried by the 
current against the wind. It is a singular spectacle to see the berg ad-
vance contrary to the superficial current produced by the action of the 
wind, which the English call the ''drift." There is a kind of eddy, formed 
by the current descending Davis Strait, which eddy or counter-current 
ascends northward along the west coast of Greenland, and here may be 
seen many of these floating mountains whirling about. It may readily 
be conceived that these enormous masses, borne southward by the cur-
rent, would not melt before reaching the route pursued by the transat-
lantic steamers between New York and England. They are the terror of 
captains and passengers. A sailor is constantly on the watch, and at 
regular intervals calls out to the captain "No icebergs, sir." The loss 
of many large vessels, which have suddenly disappeared, with no indi-
cation of a storm at the time, has been justly attributed to these float-
ing rocks, which no marine chart can record. It is a difficult matter to. 
sail clear of an iceberg in foggy weather. From the observations taken by 
the expedition of La Reine Hortense, relative to the course of the desert-
ed vessel, which floated round the southern point of Greenland, and was 
stranded in one of the bays on the west coast of that country, following 
the eddy formed by the current from Davis Strait, I should judge that 
M. Duperrey and M. Finlay carry the Gulf Stream too far below Icelandr 
extending too much the counter-current between that island and Green-
land, for according to their charts the disabled vessel descended south-
ward entirely out of the latitudes of the land ice, near which it was first 
seen. 
If you were to open the memoir of Dr. Rink, of Copenhagen, page 145 
of the twenty-third volume of the Royal Geographical Society, you would 
see there represented frozen rivers emptying into the sea, deep valleys 
filled with ice, like our Alpine glaciers. When these masses of ice, im-
pelled by an irresistible force, which causes them to flow like ductile 
metal, are no longer sustained by the land and project out into the sea, 
they break off with a loud noise and thus nature forms her icebergs. 
One of these fragments, says Dr. Rink, if stranded on the shore would 
form a monntain over a hundred feet high. The explorers of La Ueine 
Hortense saw some three times the height of Mount Valerien above the 
19 s 
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Seine. Imagine that mountain, seen in perspective by the gay promen-
mlers of the Bois de Boulogne, a mass of hard and compact ice, and some 
faint conception ma.v be formed of these floating giants, which descend 
DavisStraittowardNewfoundlandand the United States. I saythis ice 
is lwrd and compact. La Reine Hortense tried cannon balls upon some 
of the impudent little bergs, which paraded before her, without in the 
least disturlJing their promenade. Just as in ghostly legends a spectre, 
shot through the heart, says coolly to his trembling antagonist" Fire 
away." 
The expedition set the good example of throwing into the sea blocks 
of woo<l, with a hole in them, containing a vial with a paper inclosed, 
on which was recorded the date and the geographical position of tlle 
place where the bottle was dropped. Several of these indicators have 
been picked up and transmitted to the French admiralty, with the date 
and place of their landing. To test the eurrent flowing toward the east 
and passing along Siberia, a number of these bottles should be thrown 
into the strait which, eastward of the White Sea, divides the continent 
from Nova Zembla, and they will reappear in Behring's Strait, where it 
has been said whales have been caught still carrying the harpoons with 
which they had been pierced in the Spitzbergen Seas. 
The expedition has proved. by unanimous testimony the deterioration 
of the climate of Greenland, Iceland, and Spitzbergen. In Greenland, 
at a short distance from the shore, there is now only one immense 
glacier, like those of the Alps. }fountains and valleys have disappeared 
under the level of snow and ice, and the astronomers of Mars and 
Venus, who draw or photograph our planet, must be astonished by this 
superabundance of arctic snow, which never melts, even when that of 
~ussia, Siberia, and Canada has disappeared in the rays of the summer 
sun. 
The" fast" ice which to-day surrounds the island of Jan Mayen, half 
way between Iceland and Spitzbergen, renders inaccessible the east 
coast of Greenland, and sometimes extends to the north coast of Ice-
land, a circumstance which never happened in form er times. Whalers 
no longer go to Spitzbergen, whosn seas are as depopulated as its plains, 
where the snow has ceased to melt. What is the cause of an effect so 
disastrous, which threatens at some future time, more or less remote, 
to drive from Iceland the starving population of about six~y thousand 
inhabitants, which it feeds to-day, or rather does not feed, since it is by 
fishing that the Icelanders mostly obtain the insufficient nutriment by 
which they are barely sustained, even with the assistance of the Danish 
governmeht ~ If the fast ice should inclose Iceland, as it h.as the island 
of Jan May en, what would become of the Icelanders ~ 
Hypotheses have not been wanting to explain this deterioration of the 
climate of Greenland, now buried under a compact mass of ice and 
snow, fifteen or sixteen hundred feet in depth. It has been generally 
observed that t.he shores of the Baltic, of Scandinavia, Iceland, and 
Greenland, are rising. In one of the bays of the latter country, the ex-
pedition found water-worn pebbles at an elevation never attained by 
the present sea. The ancient banks of theN orwegian shore are in some 
localities three hundred feet high. It bas been supposed that the rising 
of the bottom of the sea may have arrested the ice descending from the 
north, and caused the present accumulation between Iceland and Green-
land. This hypothe~is, I think, is not admissible. The belt of ice bor-
dering Greenland does not, in the least, resemble the masses of ice which 
the winds and currents sometimes accumulate in the gulfs of the polar 
seas. I think the true cause of the deterioration of the climate of the 
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Atlantic polar seas is the diminution of the Gulf Stream, the rising of· 
the bottom of the sea, giving less depth to the bed of tbe current, tends 
to lessen it. Formerly the temperate water ascended to Spitzbergen, 
giving life to the cetacea, birds, and quadrupeds of its rugged peaks, 
and then descended toward Iceland. This circulation of warm water, 
I say, being diminished, no longer compensates, as in former times, for 
a too close proximity to the pole, and the climate of this entire basin 
has in consequence deteriorated. We may boldly affirm that the enr-
rent passing around North Cape is lessening, and if it were sounded with 
a thermometer, as did M. De Laroche-Poncie a few years ago, it would 
be found to lose every ten years in heat, consequently the shores of the 
White Sea must undergo a similar decrease of temperature. Nothing 
has ever been done seriously and in concert to make us acquainted wit,h 
our world meteorologically. Should an inhabitant of the moon-a Lu-
nite, did any such exist-be transported to us here below, we could tell 
him the distance from point to point in the moon; the height of its 
mountains, the form of its eraters, the clefts in its soil, the undulation 
of its plains, the level of its platea1,1x, the flow of its streams of Yolcanic 
lava, and even the effect of the solar heat during its semi-monthly nights 
and days. But, unhappily, if he wished the inhabitant of the earth-
this magician who knew so much about the moon-to enlighten him in 
regard to physical geography, he would be greatly surprised to hear his 
learned man respond to almost every question, "I do not know." The 
Lunite would form a poor opinion of a people who, while confessing the 
importance, knows so little of the causes of the meteorolGgical changes 
controlling the fertility and the productions of the soil, upon which de-
pends the material subsistence of the human race. 
Le Reine Hortense records this important observation: In 1856 the 
wind in the latitude of 500 or 600 blew constantly from the east, while 
in the preceding years the contrary was the case. It was the rehtpse of 
the current which caused such great inundations in France in 185G, and 
the return of the wind to its normal direction restored to the seasons of 
Europe their natural course. The prediction for 1857 which I drew from 
these facts was accomplished; but although I boldly announced it in 
August in an address before a formal session of the five academies, I must 
confess I am much more confident now than I was then in the acuteness 
of my conjecture. My confreres, the a:strologers, may be encourLJged to 
predict at random. If they make mistakes their blunders will be over· 
looked, while at- a successful guess the world will cry, "a miracle!" In 
1846 I foretold a rainy winter, on account of the position of the whales 
off the bank of Newfoundland. My . prediction was verified and highly 
honored; but when from some other circumstances I made a prophecy 
concerning the following season, meteorology gave me the lie direct. 
\Vhen to the congratulations upon my sagacity in regard to 1846, 1 
opposed my mistake for 1847, nobody remembered that.checkmate. T·be 
human mind seems to be such a friend of error, that when it is not inc1i-
vidually deceived, it is enchanted if some one will take the trouble to 
delude it. 
As to the question whether the regions under discussion will continue 
to degenerate, or whether an unfavorable period may not be followed by 
a favorable one, I answer there is very little hope of the latter; and here 
are my reasons for such an opinion : In attributing to the rising of the 
bottom of the Icelantlic Sea, the diminution of the warm current by 
which France and England profit, as they receive a larger share of the 
temperate water of the Gulf Stream, tbe question arises whether this 
rising will cease or continue. Now, it is to be presumed that if the cause 
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-whieh at the commencement of the present order of nature condemned 
to sterility Scandinavia, Iceland, Greenland, and the western coast of 
Europe, still preserves a residue of action; that the effect of such a ca-
tastrophe should be very slowly completed, is in accordance with the 
mechanical law controlling the interaction of flexible bodies-and there 
are no other in nature. Place a weight upon the end of a spring and 
' the latter will be bent to a certain extent, but leave the weight upon 
it and still more flexion will be added to the effect already obtained. 
~otwithstanding assertions to the contrary, I maintain that along the 
coast of France the continent from century to century is slowly rising, 
and that the ocean in consequence seems to retire. 
The rich collection brought back by Prince Napoleon, and exhibited 
for several montbs in the Palais Royal, offers a useful hint to observers 
in general. The specimens from England, from the Faroe Islands, from 
Greenland, and even those from Nor way, were arranged separately. If 
a list of the minerals which are found at each place had been added, the 
representation of each locality would have been complete. The light 
shed by this short and rapid voyage on every point would, of course, be 
greatly increased by local observers stationed along the route traced. 
Science, however, is thankful for any addition, however small, to her ac-
quirements. It is a mathematical axiom, "that there is something more 
valuable than a thousand pieces of gold-that is, a thousand and one 
pieces of gold." 
The physical constitution of Iceland and of Greenland, in the publica-
tion under consideration, is discussed in two short articles from master 
hands. I see nothing in them to dispute, and I may say, nothing to be 
added, in spite of the axiom just repeated. Honor be rendered for them 
to M~I. Ferri-Pisani and Chancourtois, both of our polytechnic school. 
In regard to the ice of Greenland I must remark upon the mournful 
condition of a land invaded by snow which is perpetual, or which melts 
only during a very small part of the year. The heat of the sun in sum-
mer cannot affect the soil, since its action is absorbed in melting the 
stratum of frozen water; and in the cold season, on the contrary, the snow 
and ice decreasing indefinitely in temperature, take away from the soil . 
even the small amount of heat it may have retained. Thus, for example, 
in the Auvergne .l\'lountains I have found places where the ground was 
perpetually frozen even when free from snow. The small streams of 
water just under the soil were at a temperature about zero, and at a 
certain depth they were even colder. Thus, also, during the constant night 
of an arctic winter the ice which covers the unfortunate country of 
Greenland, decreasing constantly in temperature, transmits its coldness 
to the adjacent soil; whereas in melting under the oblique and feeble 
rays of the summer sun, its temperature never rises above zero, and the 
soil therefore receives no heat above zero, while the cold which has been 
transmitted to it may have been fifty or sixty degrees below that of the 
melting ice. Surround a thermometer with ice and place it alternately 
for an hour in a place twenty degrees above and then in a place twenty 
degrees below zero, and you will find the mean will be below zero. The 
experiment may be made more conveniently with wax, spermaceti, or a 
stearine candle, and by the selection of two places, one above and the 
other below the melting point of the substance employed. If a naked 
bulb thermometer is used, the two effects· will be exactly counter-
balanced. '' 
The action of the interior of the earth upon its exterior envelope--a 
fact fully established by Humboldt-is brought into full light by the geo-
logical notices of the voyage. If we add to the igneous fluid, the exist-
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ence of which is admitted by all the world, the circumstance indicated by 
Laplace, namely, that the interior fluid. below the lava upon which floats 
the continents is in a state of an elastic liquid, that it is a kind. of com-
pact gas, having for measure of its immense elasticity at the center the 
weight of half the thickness of the globe, all mechanical difficulties disap-
pear. The erosive action of steam and of gases is admirably treated in 
these notices of the voyage.. As to the supposition formerly entertained, 
that steam might have raised the beds of continents, this could only ha\e 
taken place when the thickness of the solidified crust was equivalent in 
weight to fourteen or :fifteen hundred atmospheres; that is to say, to the 
maximum tension of steam. So that when the solid envelope was more 
than six kilometres ( 4 miles) in depth it could no longer be ruptured by 
the .subterranean steam. We now know that this envelope is more than 
fifty or sixty feet in thickness. I have recently.received from t,he royal 
astronomer of Scotland, Mr. Piazzi Smith, son of the admiral who has 
rendered that name so illustrious, a series of admirable photographs of 
the lava of the peak of Teneriffe. We still seem to see here in these 
excoriated masses the effect of the corrosive gases driven out by the 
laboratory of volcanic action, through the fissures formed by the trem-
bling of the earth. In relation to these terrestrial con-vulsions, produced 
by cllernical action, we involuntarily recall the 9-eath of Pliny, suffocated 
in the dense gaseous eruption of Vesuvius, in the :first century of our 
era. 
I lea-ve with regret the picture of the primeval world given in one of 
the scientific notices. If this excellent article were developed it would 
make two fine volumes. The technical words, even, are rendered intel-
ligible. It shows us the earth progressing in form in proportion as it 
cools, and pictures the ulterior forms of things. 
Et rerum paulatim sumere formas. 
It contains a representation-a very good. one, I should think-of the 
mode of action of the great geyser of Iceland, so closely observed by l\'L 
Descloizeaux, which from time to time hurls into the air a column of 
boiling water equal in diameter to the orifice of the pits of a large mine, 
and in height to the towers of Notre Dame. Banks and Solander cooked 
their fish in it. The merry band of Prince Napoleon, sobered no doubt by 
a ride of several hours on the gallop in the rain, followed by a bivouac iu 
damp clothing, with the exception of a punch made of the boiling water, 
indulged in none of the eccentricities suggested by solemn British 
phlegm. Our Frenchmen found at the geyser a tourist, a young Lord 
Dufferin, with his tent, who had been waiting several days for one of 
the paroxysms of the volcanic well. It seems the arrival of our travelers 
decided the geyser; the fountain of boiling water shot up into the air 
higher than could be measured by the eyes of the spectators, who were 
stationed too near. The drawing of this beautiful phenomenon em-
bellished the public exhibition in the Palais Royal. ''Can it be cor-
rect¥" asked the visitors, who examined this accurate crayon sketch. 
In specifying what a geyser is, according to the theory which Captain 
Ferri.Pisani offers in regard to this volcanic eruption, I cannot do better 
than compare it to an enormous manoscope of water, above the boiling 
point, when hurled into the air by the subterranean steam produced by 
the volcanic fires. Happily it falls directly back into the tube from 
whence it was momentarily expelled. After this excursion a bill of 220 
francs had to be paid for the grass eaten by the hundred horses of the 
cavalcade. Grass is very rare and very dear in Iceland. But I must 
confine myself to scientific facts. 
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In connection with Iceland and the volcanic world, I may as we] 
explain here the formation of Fingal's Cave, of which my readers have 
probably seen numerous engravings. In this deep grotto, which 'is 
entered by a boat, immense basaltic columns rise to the right and left 
of the explorer to a great height, and support a roof formed of the 
pendant remains of similar columns. The theory of the formation of 
this natural curiosity is not more complicated than that of our ordinary 
caverns. In the latter the primitive disturbauce of the locality raised 
the rocky mass in one unbroken piece, except at the part corresponding 
to the mouth of the cave. There the stratum of rock disturbed did not 
follow the part lifted up, and a separation consequently ensued between 
the portion raised and that remaining in place. This is so evidently the 
case that traces may be found by close examination of the former 
juncture of the rock forming the floor of the grotto, and that of its roof; 
corresponding creases and salient points in each attest their former 
union. Now suppose the same operation to take place in a locality 
covered with the beaut.iful basaltic columns formed by the contraction 
and solidification of the primeval lava. If while the larger part of the 
colonnade was elevated, a portion refused to follow the general move-
ment, a cavity would be formed, the upper parts of the immobile col-
umns would form the roof, and the lower pl),rts which retained their 
original position would constitute the floor of the cave. Caverns of this 
kind exist in the sides of the basaltic hills, disturbed by the action of 
the ancient volcanoes of AuYergne. In most cases, as in the cave, or · 
rather the caves of Fingal, for there are several of them, the basaltic 
rock attained its greatest elevation immediately back of the opening of 
the grotto, which is consequently higher in front than at the hack. Open 
moderately the long jaws of a hunting dog, and his beautiful teeth 
above and below will give a very good idea of the divided trunks of the 
basaltic columns forming the ceiling and pavement of t,he grotto, while 
his two fangs, extending from jaw to jaw, represent ver,v well the 
columns which have remained intact, and support the vault formed by 
those which have been separated into two parts. 
The theory in regard to the fossil wood of Iceland, as given in the 
exposition of the voyage of La Reine Hortense, appears to me well 
worthy of confidence, and, as usual, one truth leads to another. If, for 
example, we admit that this wood was brought to the island by marine 
currents, the various elevations at which it is found may afford a 
valuable inuication of the rising of the ground. The report of the 
expedition is silent in regard to the rising of the Faroe Islauds. When-
ever a good measure is initiated by an expedition it finds continuators, 
and science is as much benefited by the work induced, as by that 
actually accomplished. N aturaJ philosophy does not lack encourage-
ment and appreciation, and it pays in renown every attempt to assist 
its progress. It has been said science has no special public, but the same 
may be said ofthe pulpit and the bar. 
France ought not to forget that she is the Areopagus of glory. "If I 
dared," said Frederick the Great in a letter to Maupertuis, on the 12th 
of March, 1750, "I would say confidently to yon Frenchmen what Alex-
ander said t.o the Athenians: What pains I take to he praised by you!". 
It is evident from the nautical report that if La Reine Hortense was 
not crushed by the ice, it was not the fault of the temerity of the navi-
gators, which was counteracted, it is true, by a most active and judi-
cious supervision. The poor Saxon, which carried supplies of coal, did 
not escape as well. She suffered from the touch of a very gentle ice-
berg. Happily she was not utterly destroyed. I congratulate myself 
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upon having remonstrated with the expedition upon the imprudence of 
such a cruise along the fast ice, which always produces fog. HoweV<_,L,, 
our mariners, more skillful even than imprudent, have returned, and 
given us a beautiful volume, which does not contain the half of what 
they could tell us. One thing is to be regretted, that is, the sruall num-
ber of soundings taken. The question of transatlantic communication 
by means of a submarine telegraph renders very important the deter-
mination of the depth of localities where the cable may be laid. The 
depths measured were generally great. 
Another voyage, that of an American, a visit to the people of the 
north, would deserve more than a simple mention of it by me if science 
held in it a more promin~nt place. Mr. Brace's book possesses the rare 
advantage of being written by a tourist who saw more than the inside 
of inns. He sought the people at home, to borrow a word from the 
title of his book. It is interesting to view the Scandinavian country 
through the eyes of a citizen of the United States, an<l I repeat that the 
author has brought us more than any other in contact with the people 
of every grade. "Paris seen in eight days" is the title of the guide-
. book given to strangers. Could anything be more absurd~ Between 
an excursion to Versailles and an exhibition at the Royal Theater, we 
receive a visit from an Englit~h family, out of health, but with a fearful 
amount of curiosity to satisfy. After a few words about their over-
whelming fatigue, they set out again to see more, if seeing it can be 
called. An English tourist is reported to have said to a compatriot, on 
coming out of the picture gallery of the Louvre, "Ah! my friend, what 
an admirable collection; I have taken an hour to see it, and ;you know 
I walk fast." But joking aside, Mr. Brace's work deserves to be trans-
lated into French. It possesses all that can be favorably said of a book 
of travels. The number of those who publish works of this kind is to 
that of real observers, as the number of true poets is to that of mere 
verse-makers. ' 
Let us now conclu<le this review of the voyage of La Reine llortensc. 
The captain of the vessel, and the officers supporting him, under the 
direction of the head of the expedition, have given proof of a high degree 
of genius for arctic exploration. France should not allow such talent to 
be dormant. We know in what estimation Napoleon the First held lucky 
men; be considered them especially skillful. Now our mariners were 
very lucky and also very skillful. Their ability ought to be employed, 
and that in the line of their specialty. See what a very interesting 
region remains to be explored. 
In entering into the glacial sea on our meridian, but on the other side 
of the world, which is at noon when we are at midnight, through Beh-
ring's Strait, we find, by ascending to the north and west, in the Siberian 
seas, a basin extending to the islands called New Sil>eria, whick has 
been but little explored. It is here that from time immemorial the race 
analogous to the Esquimaux of Europe and Americzt have sought, every 
winter, the antediluvian ivory which rolls upon our billiard boards, in 
conjunct.ion with that of the contemporaneous elephants of Asia aud 
Africa. The~e islands were the catacombs of the primitive animal world. 
I had hoped that Prince Demidoff, who promised us an expedition by 
land to Sibel'ia, would have given us tlw key to this great enigma of 
nature; but a maritime expedition would be much more efficacious. An 
especial commission should be sent to :Nijney-Kolymsk and the island 
discovered by Liakof in 1770. Something ought to be added to the 
knowledge obtained in 1804 of the mammoth preserved intact by the 
cold. Tremmres of organic archreology are hidden in the three or four 
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islands of the group mentioned. If, according to M. Guizot, seconded 
by Mr. Airy, France is the pioneer of science, she ought not to be igno-
rant of what it is in her power to know. 
I have not noticed various questions concerning the aurora borealis, 
terrestrial magnetism, gravity, and physical geography, which this ex-
pedition might solve, and I ask pardon for not having giYen these sug-
gestions as those of MM. Dnperrey and Petit-Thouars, whose names 
would have much more weight than my own; but in the domain of 
scieJ?ce the sovereign empire is that of truth. One curious fact among 
the observations of La Reine Hortense I omitted to mention, which is, 
that in the arctic seas visited the magnetic needle, which here points to 
the north, turned to the west, or even worse than that. M. Duperr&y 
should be furnished with the means of publishing his magnetic charts, 
which extend to 1860, and of thereby giving to the twentieth century, 
now so near, data for which not onl,y that but centuries to come will be 
grateful. 
REPORT ON THE TRANSACTIONS OF THE SOCIETY OF PHYSICS AND OF NAT-
URAL HISTORY OF GENEVA, FROM JUNE, 1868, TO JUNE, 1869. 
BY Dl{. H. C. LOMBARD. 
[ .'l'ranslatecl for the Sntithsonian Institntion from the rnemoiTs of the society: Geneva, 1869.] 
I am about to perform the last act of the presidency with which my 
highly respected colleagues have been pleased to honor me, by render-
ing an account of our transactions and of the changes which have 
occurred in our society during the academical year which now draws to 
an end. 
Death, that visitor who is almost always unlooked for, has robbed us 
of several members, emeriti or honorary. In the first category, we 
recall M. Isaac Macaire, who, after being long one of our members in 
ordinary, was, at his own request, classed in the number of the emeriti. 
In the second category, or that of honorary members, we have to record 
three individuals whose labors have contributed greatly to extend the 
boundaries of the natural and physical sciences, and whom we had the 
honor to number among our correspondents. I speak of MM. Von Mar-
tins, Matteucci, and Forbes. But if our ranks have sustained some 
losses, the vacancies thus left have been promptly filled, not, indeed, 
by savants already numbered, like the .honorary members just named, 
iu the first. class, with whom our new colleagues would not excuse me 
for instituting a comparison, but by four members in ordinary, most 
of them young, and bearing names endeared to us by more than one 
title. One of these, Professor De La Harpe, already an adjunct of the 
society under the title of associate, became a member in ordinary in the 
course of the winter, after having read an original essay on a question 
of ~athematics. Of the three others, who are still of an age which 
promises a longer career than remains for most of us, one has taken, 
after several years interval, the place of a colleague regretted by each 
of us. It is with great satisfaction, therefore, that we have enrolled in 
our society a second Dr. Jean Louis Prevost, devoted, like his prede-
cessor, to the researches of experimental physiology. The seeond of our 
young members, M. Ernest Favre, in taking his place among us, renews 
the tradition of those geological researches which earned an honored 
name for his father, Professor Alphonse Favre. Pina.Uy, if the last of 
our young members, M. Edouard Sarasin, bas no direct ascendants in 
the cultivation of the sciences, he numbers warm friends in those pur-
suits, who will aid him in opening a path of his own in the physico-chem-
ical studies to which be has earnestly devoted himself. 
After this summary review of our losses and acquisitions, let us recur 
to the former and briefly recount the labors of those whom death has 
removed from us. 
M. Isaac Frangois Macaire was born, in 1796, at Geneva, where be 
fulfilled the customary circle of academic studies. He succeeded his 
father as pharmaceutist, and availed himself of that circumstance to 
apply more especially to chemistry and the natural sciences. We need 
not recall here the obligations of chemistry to the laboratories of phar-
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macy; it is sufficient to name Scheele and Sir Humphrey Davy. Our 
late colleague found, in Pyrame De Candolle, Gaspard De J .. a Rive, and 
Alexander Marcet, friends and enlightened counsellors, by whom the 
first steps of his scientific career were greatly facilitated. Received, 
when very young~ as a member of our society, (1821,) he furnished fre-
quent communications, which were printed in the Annales de Chimie et 
de Physiq~te or in the Bibliotheque Uni,verselle. !lis first essays were 
ehiefly directed to the analysis of minerals and to researches ]n vegeta-
ble physiology, in connection with which he gave especial attention to 
the autumnal coloration of leaves. His inquiry respecting the phospho-
rescence of the lampyris or glow-worm was widely noticed, as was also 
a memoir relative to the action of poisons on sensitive plants, which 
formed a sequel to the analogous researches of M. Franck Marcet. In 
conjunction with the latter, Macaire conducted many interesting investi-
gations on the composition of organic substances and on certain special 
questions in chemistry. · Named, in 1836, adjunct professor of medical 
chemistry, he gave at the academy a course of toxicology, as he had 
previously given courses on applied chemistry, before the Society of 
Arts, of which he was a member from 1830. He was, in addition, one 
of the most assiduous collaborators of the Bibliotheque Universelle, for 
which he prepared numerous scientific articles, as well original as bib-
liographical. 
Summoned in the midst of his scientific career to take part in the 
state cotmcils, he yet found time, notwithstanding his many administra-
tive occupations, to cultivate his favorite science. Isaac Macaire be-
longed to that generation of savants, daily diminishing in number, who 
were the first pupils of the distinguished professors by whom Geneva 
was adorned during the early years of the restoration, and who, conse-
quently, bore a part in the awakening of the scientific movement of 
that era. The sacred fire . then kindled was guarded by him 'vith all 
that ardor for science which was the predomin~nt characteristic of the 
period. He loved to recur to those happy times of his youth when the 
eminent men whom Geneva then possessed diffused an atmosphere of 
intellectual good-fellowship which it was grateful to breathe. 
Of our three honorary members removed by death, the oldest was Dr. 
Charles Frederic Philippe Von Martins, who was born at Erlangen in 
1794, and who became a member of our society in 1821. The name of 
this celebrated botanist is associated with his great scientific expedition 
to Brazil and with the publication of numerous and highly esteemed 
works which have largely extended onr knowledge of the flora of the 
tropical regions. After having traversed the most remote parts of that 
vast empire and ascended the River Amazon to the frontiers of Peru, M. 
Von Martins, in company with M. Von Spix, transmitted to Europe the 
rich collections now deposited in the royal museum of Munich. The 
premature death of M. Von Spix threw the whole burden of editing and 
publishing this scientific exposition on M. Von Marti us; hence he was 
obliged to call to his assistance several collaborators and, among others, 
our fellow-countryman, M. Agassiz, who thus led the way, by the de-
scription of the fishes of Brazil, to that more prcfound knowledge of this 
immense empire which he bas acquired in a more recent expedition; an 
expedition in which every facility for his studies as a naturalist was 
,placed at his disposal by the liberality of the authorities of the country, 
no less than by the pecuniary aid of a wealthy citizen of the United 
States. 
But what has earned a distinguished name for Von Martins, besides 
his analytical genius, his admirable descriptions, his spirit of general-
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ization, are three great works, any one of which would have sufficed to 
confer celebrity as a botanist. The Nova genera et species plantarurn 
Brasiliensiurn forms three volumes in folio, illustrated by three hundred 
plates executed with great care. The Historia natural,is pctlmarurn is 
also composed of three volumes in folio, embellished with two hundred 
and forty-five plates, mostly colored, and some of them representing 
:iandscapes which show, together with the aspect of certain palms, the 
part which they fulfil in the vegetation of different countries. Lastly, 
the Flora brasiliensis, a work also in folio, em belli shed -,vith plates, has 
reached its sixteenth volume, and will be continued under the care of 
Dr. Eichler and the auspices of the Brazilian government. 
Such are a few of the works of M. Von Martins. It will be understood 
from this very incomplete enumeration why I felt authorized to say 
just now that our society was honored by counting so distinguished 
a botanist in the number of its honorary members. M. Von lVIartius 
was permitted to continue his scientific labors to a ve~'Y advanced age, 
retaining to the last the vivacity of his mind anu that love of study 
which enabled him to accomplish so many valuable labors. But it has 
been our privilege to appreciate in the savant the man of kind feelings 
as well as shrewd observation through the extracts which Professor De 
Oandolle has communicated to us from his letters, in which humor dis-
putes the palm with originality, while he expresses his thoughts some-
times in French, sometimes in Latin; commencing a phrase in one of 
those languages and finishing it almost without transition in the other. 
M. Von Martins breathed his last, December 13, 1868, at the age of 
seventy-five years, encircled with the esteem of his fellow-citizens and 
the respect of the botanists of all countries. 
The career of Carlo Matteucci was shorter, for he died at the age of 
fifty-seven years, when a long continuance of his scientific and admin-
istrative labors seemed still to await him. Devoted, like his predeces-
sors and compatriots, Galvani, Volta, Nobili and Melloni, to the study 
of electrical phenomena, Matteucci communicated a strong impulse to 
the science which he cultivated with so much zeal. From the first, the 
chemical phenomena of voltaic electricity attracted his attention, and 
he demonstrated, in 1835, that the interior chemical work of the pile 
is equivalent to its exterior work. He studied successively the propa-
gation of electricity in liquids, whether in a state of continuity or 
separated into compartments by metallic diaphragms. But it was espe-
cially by his researches on animal electricity that the name of Matteucci 
was rendered illustrious; researches which, first directed to the torpedo 
and the electrogenous apparatus of that fish, which he discovered to be 
under the influence of the fourth cerebral lobe, were afterward extended 
to other electrical animals, resulting in the detection of the curious 
phenomenon designated by him as inducted contraction. These researches 
in electro-physiology had led M. Matteucci to recognize, not only in 
electric animals, but in all others, a muscular current whose direction 
and intensity he made the subject of exact study. Often in conflict, 
as regards these delicate inquiries, with a German savant, l\f. Dubois-
Raymond, he was under the necessity of greatly varying his experi-
ments in order to arrive at a clearer demonstration of the phenomena 
which served as a basis for his Treatise on the electro-physiological phe-
nomena of anirnals, published in 1844, and his Course of electro-physi: 
ology, published in 1857. The death which we are thus called to record 
is that of an eminent physiologist no less than distinguished physicist. 
His name was enrolled in our society in 1834, and most of us preserve 
a lively recollection of his kindliness of manner and of the judicious 
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remarks with which he accompanied the reading of the memoirs at the 
sessions in which we had the pleasure of meeting him. 
At the mention of Professoe James David Forbes we find ourselves 
in some sort at home, since, besides not a few investigations in puee 
physics, a great part of the researches of this learned Scotchman had 
for their object our mighty Alps, with _ the glaciers which cover their 
summits and descend into their valleys. It was from no superficial 
inspection that For(>es described the geology of these n~ountains and 
the movement of the glaciers; like de Saussure, upon whose labors he 
seems to have modeled his own, he has given us his Trrtvels in the Alps, 
founded upon very numerous excursions, as stated by himself in a pre-
face written in 1843: "It was my privilege to receive, in earliest youth, 
the most vivid impressions from the contemplation of mou-qtain scenery, 
and I have renewed those impressions in after-life, by tr~iversing the 
chain of the Alps twenty-seven times by twenty-three different passes, 
and exploring all the lateral valleys of the great central group of 
Europe." It was through these multiplied excursions, which were 
repeated nearly every year since 1843, that Forbes was enabled to 
deduce his theory of the movement of glaciers, which he compares to 
a river descending slowly into the valley. But his explorations were 
not limited to the Alps; they were extended to the volcanic regions, 
both ancient and recent, of the Gulf of Naples and of Ardeche, as well 
as to the glaciers and fiords of Norway. Unhappily, the first germs of 
consumption were developed in his system during these last-mentioned 
excursions; and it was this disease which conducted him to the tomb, 
December 31, 1868, at trhe age of fifty-nine years, after long sufferings, 
partially alleviated by intervals of comparative good health. 
Professor Forbes was a member of our society from the year 1~33. 
He was often present at our sittings, giving us the earliest fruits of the 
observations which he had just made in the neighboring Alps and com-
municating them to the public through the medium of the Bibliotheque 
Universelle, as well as the scientific collections of his native country. 
Some idea of the great intellectual activity of one who died when still in 
the flower of his age may be formed from the fact that his biographer, 
M. Reikie, bas recorded the titles of one hundred and forty-two works 
or memoirs which he had published; of these I shall cite but one as 
specially interestii)g us, namely, a biographic notice of our colleague, 
Professor Necker. 
After these biographical and administrative details let us pasS' to the 
proper labors of our society, and commence with the physical and math-
ematical sciences. 
§ 1.-ASTRONO:MY. 
Professor Gautier has conLinued to make the gociety acquainted with 
the progress of astronomy, and particularly with that remarkable class 
of recent investigations to which the employment of the spectral method 
has given rise. '_rhe observations of the eclipse of the 18th of August, 
1868, as well as the study of the constitution of the sun, and other ce-
lestial bodies, have formed the subject of the greater part of his com-
·munications. M. Soret has also occupied our attention with the chem-
ical composition of the solar atmosphere, the exterior strata of which 
seem to contain only hydrogen and not a multiplicity of gases or vapors, 
a fact which bas been brought forward by certain persons as an objec-
tion to the theory by which M. Kirchoff has explained the black stripes 
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of tho spectrum. But if it be admitted that in an 'assemblage of gases 
each of them may act singly, it would follow that the atmosphere of hy-
drogen, by reason of the feeble specific gravity of that gas, mwst ex-
tend much further than those of the other vapors. and form, consequently, 
the exterior envelope of the sun. ' 
§ 2.-J\iETEOROLOGY. 
Professor Gautier read to us an extendeu notice on the fourth year of 
the thermometric and pluviometric observations made at the seventy 
Swiss meteorological stations, and also on some other analogous labors 
of 1\flVI. Wolf, Plantamour, lVIarguet, Hirsch, Fretz, &c. This notice, 
forming a sequel to those which M. Gautier had drawn up on the first 
three years of observation, bas been published in the number of the Ar-
chives des sciences physiques et nat~trelles for November, 1868. 
The meteorology of different regions has formed the subject of some 
interesting communications. Professor lVIarcet has related to us his im-
pressions regarding the climate of Egypt, where he had resided for sev-
eral months. He was especially struck, in ascending the Nile, at the 
excessive differences which exist between the maxima and minima, 
according to the hours of the day. In the month of January it was 
very difficult to support the heat of the sun at '27o, (800 F.,) or eYen at 
22° or 23o (72° or 73° F.) This is referable, doubtless, to the extreme 
dryness of the air. It scarcely ever rains, in fact, in Upper Egypt and 
Nubia. The assertion of Herodotus that it had not rained at Thebes 
since the time of Psammetichus, that is to say during fi\'e centuries, 
is, no doubt, exaggerated, but it is not the less true that rain is 
extremely rare in those countries. The dragoman of Mr. Marcet had 
seen rain fall but once in fifteen or sixteen years. The radiation 
produces an extreme coldness at the rising of the sun. It appears that 
at Ismaila., where many plantations haye been formed since labor was 
commenced on the canal of Suez, it rains more frequently than of old. 
In higher Egypt· and Nubia the sky is almost alwa~Ts clear. J\L Mar 
cet observed clouds, but he believes that it was a misty appearance pro-
duced by the Karnsin. 
A summary of meteorological observations made at Hayti during fiye 
years was communicated to us by Professor Gautier ; the extremes of 
temperature observed in that space of time were 130, 5°, and 38°, (56o, 
41°, and 1000 F.) M. Gautier has received the commencement of ob-
serYations made, at his instance, on the coast of Labrador by the .lVIo-
ravian missionaries, to whom he had sent thermometers prepared and 
regulated at Geneva. 
Professor Plantamour recounted to us the anomalies of temperature 
obsenTed at Geneva during the month of December, 1868. The mean 
was 70.14, (450 F.;) being 60.14 (430 F.) higher than for the previous 
forty-three years. During that period there had been but two months 
of l\Iarcll and a single November in which the temperature was higher. 
So high a temperature had not been experienced for any month of Feb-
ruary, nor ctjortiori of January, but, again, there had been six Aprils 
in t!Je same series of years which were colder. There fell in December 
155 millimetres (6 inches) of water, a quantity greater than that of all 
the years since 1826, with the exception of 1841. According to M. 
Wolf, of Zurich, the quant,ity of water collected a.t several stations of 
East Switzerland, especially at those of considerable elevation, from the 
middle of September to the end of October, 1867, exceeded a metre, and 
cases occurred in which the quantity of water falling in the course of 
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twenty-four hourt:; amounted to 30 and40 centimetres, (12 and 16 inches.) 
The inundations occasioned by falls of water so exceptio11al cannot br 
attributed solely to the removal of the forests from the mountains, how-
e\Ter unfavorable such cleariugs may be. Lastly, mention was made of 
the shower of mud observed at Naples by Professor Olaparede. Tile 
clouds, on that day, had a peculiar aspect and seemed to be forme<l of 
dust; muddy spots were left on the windows by the drops of rain. Gen-
eral Dufour had witnessed at Corfu showers of mud which the inhabit-
ants attributed to the wind of Africa. 
§ 3.-l\fA.TIIEMATICS AND PHYSICS. 
Pure mathematics bas been the subject of but a single memoir, which 
was read to us by Professor De La Harpe. . It is the first part of a trea-
tise on the formation of powers, in which the author demonstrates that 
the higher powers are formed by differences. He gives the formulas 
designed for the calculation of high powers and designates them by the 
general name of formula of the monome. This memoir was accomp~mie<l 
by models intended to facilitate the understanding of the demonstrations. 
The geodesic labors undertaken by Swiss savants have been continued 
during the year 1868. Professor Plantamour has communicated to us 
the result of the Swiss levelings, which em brace the whole of the west-
ern part from Geneva to Basle. MM. Plantamour and Hirsch lmve been 
engaged in determining for the different stations the numbers as referred 
to the r;tone of Niton, which serves as the point of departure, while the 
primitin~ data sim11ly give the difference of le\el between two consecu-
tive stations. The number of points for which the amounts have been 
thus established is 626. To that end, it was necessary to make a com-
pensation for the errors in the system composed of a series of polygons, 
each of which ought to be exactly closed. One of the causes of error in 
a leveling of precision, the influence of which is very considerable in a 
country so broken as ours, is the variableness in the absolute length of 
the sights, according to atmospheric circumstances, the temperature, 
l1ygrometric state; and, from direct and numerous comparisons, this 
variation may amount to a ten-thousandth of their length, more or lesR. 
1\f. Plantamour gave an account of observations which he had made 
during a sojourn of nearly two months at vVeissenstein with a view of 
dete:·mining the astronomical co-ordinates of that station. He also read 
a me:noir on the latitude of the Righi Culm from observations made at 
that localit,y in 1867. The latitude was determined as well by the circum-
meridian zenithal distances of stars as by obt:;ervations of their passage in 
the prime vertical. The num her obtained is sensibly greater than that 
indicated in the triangulation of Switzerland, which had been deduced 
from the latitude of Berne by the calculation of triangles. The differ-
ence is easily explained by the attraction of the neighboring chain of 
the Alps situated to the Routh of the Righi. 
'fhe eff~cts of lightning on trees have been studied by Professor Col-
ladon in the case of sixteen poplars, three oaks, a fir tree, and a Yine. 
The poplars which were struck were seamed with furrows, greatly shat-
tered, and stripped of bark and liber in the two lower thirds of the tree, 
the upper third being most frequently exempt from injury, probably in 
ccnseqnence of the greater conductibility of that portion of the branches 
and foliage. The poplar of Italy especially attracts lightning, for M. 
Colladon has seen it struck in preference to neighboring oaks and elms, 
though the latter were taller than the poplars. The effects of lightning 
on oaks are very different from those just described: the upper parts 
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are always killed, and one or two furrows may be traced descending from 
the summit to the soil. To the right and left of the furrow are seen 
two strips of alburnum depriYed of bark, the width of which increases 
as they approach the ground. The eftects of the lightning wllich fen, 
on the 17th of July, on a fir tree in the city of Nyon were yery remark-
able. The stroke was preceded by the appearance of a luminous ball 
which moved along the surface of the ground at three or four yanls 
from the tree, an electric phenomenon often described by physicists and. 
in particular by .Arago. The fir was about 16.50 metres (5± feet) in 
Leight. In its upper part the leaves were scorched to the half of their 
length. The trunk showed no injury in its upper half, but below there 
were several very deep fissures and ten or twel Ye brownish and circular 
spots from 3 to 5 centimetres (1 to 2 inchPS) broad, where the bark had 
lJeen removed. The vine struck, in July, 1868, presented a regular cirele 
of 14 to 15 metres, (45 to 50 feet,) comprising about three hundred and 
fifty stems, on which nearly all the leaYes were mottled with re1ldish 
and olive-colored spots. The intensity of this coloration iucreased on 
approaching tlle center. The props were neitller burned nor broken. 
Dr. Mi.iller, who examined tlte branclws and leaves of the vine-stocks 
reached lJy the lightning, found that there was no modification of the 
cellules in the interior, and that tlle effect had. taken place on the nitro-
genized matter, and especially on the cambium: 
The memoir of M. Colladou was accompanied with designs, ::;;amples, 
and. strips of the bark, which greatly contributed to the understanding 
of the effects of lightning on the trees. Professor J)e La Hive cited. 
some observations in confirmation of those of l\I. Collac.lon. IIe thinks 
. • that the spots observed are analogous to those of every electric dis-
cbarge, and which are also eircular. Their appearance would seem 
referal>le to the presence on the trun !-.: of some foreign substance. 
Professor De La Hive communicated to us the result of the observa-
tions of M. Wild. o:1 the absorbent power Qf light by atmospheric air, 
and gavo us the analysis of the most recent investigations of l\I. Becque-
rel and l\1. Tyndall on the physical and chemical phenomena of light. 
He called our attention to the observations whid1 have been made at 
the observatory of Greenwich on the agreement of magnetic and galvano-
metric curves. These curves are nearly identical, the only difterence 
being the following: A point of a curve of the galvanometer always pre-
cedes the corresponding point of the curve of the magnetometer. 
l\L Ed. Sarasin communicated the reslllt of his researches on tbe 
phosphorescence of rarefied gases after the passage of the electric spark, 
and particularly on the part borne by oxygen in these phenomena, 
(Archives, March, 1869.) 
Professor Marignac detailed his experiments on the heat of tlte vola-
tilization of ammoniacal salts. He bas arrived, by prolonged and minute 
researches, at the conclusion that it is exceediugly probable that the 
salts of ammonium are, in great part, decomposed into their elements 
when volatilized, (Archives, November, 1868.) 
Professor Wartmann, besides several reports on the memoirs pub-
lished by other savants, gave an account of two luminous {Jhenomena 
which he had. had an opportunity of observing: First, a magnificent 
solar spectrum on the surface of the lake, seen on tlte road from Her-
mance, a phenomenon which could. only be explained by a refraction fol-
lowed l>y a reflection of the solar rays by the waves; secondly, a lumi-
nous vertical column after the setting of the sun. Thit. meteor, of which 
he published a notice in 1846, is susceptible of explanation l>y vertical 
prisms of ice held in suspension in the atmosphere. 
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lVI. Soret communicated the results of recent observations on solar 
radiation, the intensity of which at Geneva during several days of l\iarch 
was very considerable and exceeded tllat which he had observed in 
summer at an altitude of 3,000 metres, (10,000 feet.) The same member 
presented a memoir on the polarization of the blue light from water, 
which has, under this condition, an almost complete analogy with the 
light from the sky, (Arch·ives, May, 1869.) 
§ 4.-0HEMISTRY. 
M. Antoine Morin stated to us the result of his experiments on the 
alloys of gold, silver, and copper, a subject which intimately concerns 
our manufactures of jewelry and horology. The most usual alloys are 
not only compounds but a true chemical combination, notwithstanding 
the difference of density of the gold and copper. There needs but simple 
fusion and remelting three or four times to obtain an alloy so homoge-
neous that the law allows only a deduction of nfoo for those of gold and 
copper and of 10500 for those of silver and copper. For this there is 
required a special force, which is chemical affinity, the influence of 
which is demonstrated by a change in the molecular state of the metals 
alloyed. In calculating the specific weight of alloys, we find a number 
greater by an eighth or a ninth than the real density of alloys of gold, 
and by a sixth or a seventh than the alloys of gold and native silver of 
Colombia. The difference is insignificant for allojTS of silver and copper, 
but the homogeneity of the ingots is obtained with more difficulty. 'rhe 
augmentation of volume of the metals which enter into the alloys of 
gold with silver and copper is not .the only indication of a chemical com-
bination. The proportions which have been adopted in practice for • 
jewelry of 18 and 14 carats are closely approximate to the atomic num-
bers which would form combinations of a definite proportion. The 
hypothesis that there is che.mical union, and not simple mixture, seems 
to be confirmed by the analysis of natural alloys. In most of tllesc the 
metals are found in quantities corresponding to the exact numbers of 
equivalents. 
M. Morin has also been engaged in verifying the cause of the rochage 
which forms an accident in founding, and which consists in a rupture 
of the solidified ~rust of the metal accompanied by a jet of that which is 
in fusion. He thinks that the rochage is a phenomenon of a chemical 
rature, as the metal ejected has not the same composition as the rest of 
the ingot. 
§ 5.-GEOLOGY AND PALEONTOLOGY. 
Professor De La Rive communicated to us a letter of Professor Aglls-
siz on the existence of ancient glaciers of considerable height ~md extent 
in the greater part of North America, particularly in the region of tile 
prairies. 
Professor Favre described the great moraines which tnc ancient gla-
cier of the Rhine bas deposited even in Wii.rtemberg. He gave au 
account, based on the researches of two geologists of Lyons, (MlVI. Fal-
san and Uhartre,) of the erratic blocks deposited by the glacier of the 
Rhone between Geneva and Lyons, of the geological constitution of 
Mount Oervin, as studied in two successive ascents by M. Giordano, of 
the discoveries of M. Ohartre relative to the question of prehistoric man, 
&c. He exhibited to us a small erratic block of red porphyry, found in 
the environs of St. Julien, and, on several occasions, occupied our atten-
tion with the remarkable repository of smoky rock-crystals, found a.t the 
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glacier of Tiefen, near Gallenstock, in the canton of Uri. A fine group 
of tllese crystals has been given by Madame Hevilliod De La H-ive to 
our nmv library an(.l will form one of tlle ornaments of the Revilliod hall. 
M. Ernest Favre read a memoir on the fossil mollusks of the environs. 
of Lcm berg, in Galli cia. The fossils described were furnished by two 
principal repositories: N agorzany and Lemberg. At the latter, the 
formation is constituted by a very fine and compaot calcareous marl, 
forming a bank which exceeds 145 metres, (476 feet.) The rock of Na-
gorzany is a yellow, hard sandstone, in thick banks, alternating with 
strata of soft limestone. l\f. Favre has recognized in his fauna one hun-
dred and seventy well-distinguished species of mollusks. The cephalo-
pods abound at Nagorzany. They comprise eighteen species, of which 
the most characteristic is the Belemnitella.~ m-ucronata. Here also the 
gasteropods are numerous and varied, amounting to one-half of the 
fauna. At Lemberg they are represented by only twenty-six small ancl 
scanty species. Of the acephala, forty-six species are found at Lemberg 
and thirty-two at Nagorzany. The brachiopods number eleve11 species, 
four of which are common to both localities. The fossil mollusks found 
in Gallicia characterize the lo,Yer part of the chalk a Belemnitella mucro-
nata, and, consequently, the senonian formation, presenting the greatest 
analogy with the chalks of vVestphalia, Lnneburg, and the Isle of Rugen, 
as well as with the senonian formations of Limburg, Hainault, and the 
basin of J>aris, which all number species common with those of I.1emberg. 
M. De Loriol presented a memoir which he has recently published in 
conjunction with lVI. Gillieron on the urgonian stmtum of Landeron. 
The fauna of this stratum forms a transition between that of the neoco-
rnian ancl that which characterizes the lower urgonian stratum. Tlli~:; 
fauna comprises a great number of Spongitaria. as well as numerous incli-
vicluals of a Oomatula with single arms, pertaining to the new genus 
Opltiocrina. 
§ 6.-BOTANY. 
The most prominent fact which has distinguished our sessions, so far 
as botany is concerned, has undoubtedly been t,he liberal donation which 
:Madame Delessert and her two daughters have made to the city of 
GencYa of the rich and celebrated herbarium of the Baron Fran9ois 
Delessert. 
This collection forms one of the twenty or twenty-one largest herba-
riums in existence, and it is espeeially rem:trkable on account of the 
great number of specimens described and mentioned by ancient or mo-
dern authors. Independently of the types described by Lamarck. La-
billardiere, Richard, Palisot, De Beauvais, and others, which are iii the 
general herbarium, it comprises moreover that of the Burmans, which 
includes the types of the older bot3.nists, especially those of Thunberg 
and of the Burmans themselves, besides a herbal of Lapland, collected 
and named by Linnreus. The plants of India, arranged by vVallich, 
form one of the most extensive collections which exist on the continent. 
This Delessert herbarium will lJe found in future in convenient prox-
imity with the rich collections of MM. De Oandolle and Boissier, which 
were already of easy access to botanists, so that the one will be com-
pleted by the others, thus affording facilities for the most thorough 
study. 
It 'is to M. Alphonse de Oandolle, than whom no one can better appre-
ciate the importance of this gift to our city, that I am indebted for the 
above particulars. It was from him also that the society receiYed, on 
the authority of a letter from 1\I. De Gelaznow, director of the Agricul-
20s 
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tural School of Peter the Great, a statement regarding the large quan· 
tities in which the white truffle exists in the interior of Hussia. 
Dr. Muller gave an account of the investigations of l\~M. Bornet and 
Thuret respecting the fecundation of the ll'lo'ridem, from which result 
two exceptional facts iu the vegetable kingdom: First. The effect of the 
male element takes place here on a complete cellule, provided with a 
cellulose membrane, and not on a protoplasmatic rudimentary cellule. 
Second. The result of the fecundation does not show itself in the cellule 
which has received the contents of the antherozoids, the formation of 
the fruit or cystocarp being produced at some distance in another part 
of the female individual. To Dr. MUller also we were indebted for the ex-
hibition of specimens of a rare aquatic plant, of a fine rose-purple color, 
found at Evian on the pebbles at the bottom of a spring of alkaline and 
slightly ferruginous water. The plant is the Hildebrandtia rosa., var. 
fluviatilis, Kutz, which, by its fructification as well as color, belongs to 
the class, almost exclusively maritime, of the Floridem. On this occa-
sion the · Rev. M. Duby spoke of another alga, which, as observed by 
Dr. Welwitsch, covers at certain periods with a black crust the rocks on 
the western coast of Africa; 
M. Duby read a. npte, accompanied by plates, on certain speoies of 
exotic or little-known cryptogams. He describes fourteen new species, 
and five but little known, pertaining to seven different genera. Of the 
new species one comes from the East Indies, three from Brazil, one from 
New Caledonia, four from Mexico, three from Chili, and two from Aus-
tralia. On this occasion M. Duby stated that two new genera which 
have been introduced seem to be of doubtful authenticity ; these are the 
genera Amstrmnia and Dicran:iella, which differ very little from the genus 
Dicranum. The genus Oampilopus has been separated from the genus 
Dicranum by the two following characters: First, because the capsule 
is gyrose at the base; second, because the gal em of fructification are 
fimbriated at the base. Other botanists hold these characters to be of 
no great value, and maintain that in the same genus species are found 
in which the galea is fimbriate, and others in which it is not so. 
M. Duby has examined the microscopic vegetables which have covered 
our lake at certain points and which were presented by M. De Saussure, 
on the part of Dr. :Forel de lVIorges. They ~re grains of chlorophyllum 
formed in the algre and deposited during rainy seasons on the soil, whence 
they are borne by the waters to the lake. Dr. Muller gave an account 
of a memoir of M. Schumann on the Desderniacew of the high Tatra. 
The extraordinary warmth of the month of December, 1868, occasioned 
jn the month of February, 1869, the florescence wholly exceptional of 
forty-six different species which have been observed in our environs by 
M. l~euter. 
§ 7. ZOOLOGY-PHYSIOLOGY. 
Madame Delessert and her daughters have merited our gratitude not 
alone by the gift of the valuable herbarium already mentioned, but by 
the rare collection of shells with which they have enriched our museum, 
an•l which will be one of the finest ornaments of our future academic 
buildings. This collection has not only the merit of being very rich in 
remarkable specimens, but possesses a special scientific value in haY-
ing served as a basis for the labors of Lamarck, who himself named 
most of the shells then existing in the Delessert co1lection. TIJe entire 
donation has arrived. with_oiit accident in our city and been depositef;l 
provisionally in the municipal school of Saint Gervais. Two of our 
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members, 1\fl\L De Loriol and Lunel, i1ad repaired to Paris in order to 
superintend the packing and transportation. 
1\I. De Saussure presented usa memoir which he has just completed on 
the Ortlwpte:ra, of the museum of Geneva. The author thinks that there 
bas beet~ au error heretofore in the appreciation of the segment in the 
Blattcc described as the first abdominal segment, and that this segment 
t>ertains to the thorax. This opinion is not shared by 1\1. Olaparede, 
who has often observed the soldering of certain segments, and who 
points out the difficulty of determining in dried insects whether the 
segments are severed or not. l\f. De Sanssure bas, moreover, favored us 
with a view of sundry specimens of Phasoni, which haYe no defense 
against their natural enemies, and only escape by a complete immobility, 
which causes them to exactly resemble twigs of dead wood. 
Professor Olaparede read to us an interesting memoir on the Lwnbrici, 
which will be printed in the Zeitschr·ift fiir wissenschaftliche Zoologic. He 
communicated the recent discovery of an Italian savant who bas recog-
nized in the coloring matter furnished by an Annelid of the Gulf of N a-
pies the chemical product lately detected in coal aud designated by the 
name of Aniline. He has verified the presence of the same coloring 
principle in the Florid em and in the ~ furex brandaris; it was this latter 
mollusk which supplied the ancients with their purple. 
1\f. de Candolle presented a paper of M. Reinsch, inspector of mines at 
Gotha, who states that he has recognized microscopic organic remains, 
both animal and vegetable, in certain granitic rocks which have been 
reputed until now to be of an igneous or eruptive nature. Iu connec-
tion with this subject, Dr. l\.fiiller mentioned a phenomenon which has 
some analogy with the preceding; the existence, namely, of organized 
li\'iug creatures in the water of the geysers of California, at a tempera-
ture of 95o, (202° Fahrenheit.) 
M. De Saussure gave an account of researches into the deep-sea fauuas, 
which .1\<f. De Pom·tales, who accompanied 1\I. Agassiz in his voyage to 
Brazil, has recently published. 
Dr. ~Tilliam Marcet communicated his inquiries int.o the anresthetic 
effects of the inhalation of protoxide of nitrogen. He thinks this gas 
by no means entitled to the name of e:rhilarating. The amesthesis is ob-
tained in a very marked manner when the gas is respired for one or 
two minutes, but it does not continue beyond two minutes ; after which 
every unpleasant symptom ceases completely. If, however, the inhala-
tion be unduly prolonged, syncope and very serious accidents supervene. 
Dr. Sharpey, of London, who was present at the sitting, confirmed these 
results; he was confident that the inhalation of the · gas for two min-
utes at most is completely exempt from danger, and eo11sequently very 
useful for short operations, such as the extraGtion of a .tooth. But it is 
very hazardous to prolong the inhalation beyond two minutes. 
The president of 'the society recounted the results of a scientific in-
vestigation, at which he had assisted, having for its object the employ-
ment of protoxide of nitrogen as an anresthetic agent. The recognition 
of its properties as such was unanimous, and its harmlessness, provided 
the inhalation be not prolonged, was likewise admitteu. But its em-
ployment was proscribed if the operation should require more than one 
or two minutes. The persons treated after this method in the presence 
of Dr. Lombard, presented no grave symptom nor any acceleration of 
the pulse or respiration. The insensibility appeared to be complete, 
judging from the representations of t.hose upon whom the operation was 
performed and who were interrogated with care by several physicians 
who assisted in the experiments. 
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Dr. Prevost communicated to us his researches in experimental physi-
ology relative to the seat of the sense of smell. This memoir has been 
published in the :March number (1869) of the .Archives des sciences phy-
::;iq~tes et nat~welles. He also made us acquainted with the experiments 
which he had performed at Paris and Berlin in the extirpatio.n of the 
spheno-palatine ganglion, an operation which, in tbe opinion of Dr. 
Schiff, must suppress the sense of taste in the anterior part of tbe 
tongue. The experiments in question gave, however, a negative result. 
J\1. Prevost also recalled the experiments of Dr. Waller on the atrophy 
of the peripheral nerves when separated from the central trunk. Ac-
cording to this learned physiologist, if the vi dian branch of the lingual 
nerv~ received gustatory nervous fibers, this branch would be atrophied 
after the section of the spheno-palatine ganglion; this, however, has 
not been found to be the case by JYI. Prevost, 'vho bas always found it 
unimpaired after the operation. 
Dr. Dor gave an account of new experiments made with a view to de-
termine the velocity of the transmission of sensations. 
Dr. Gosse presented skulls found by Dr. Forel de Morges in an an-
cient cemetery nea.r Saint-Prex. These skulls are artificially deformed 
for the purpose of producing a frontal depression. Similar cases had 
been previously observed by M. Troyon near Lausanne, and by M. Gosse 
near Htegny. This flattening of the front by means of a board was a 
national custom among certain tribes, and especially among tb.e A vari. 
Depressed skulls have been found at Vienna, in the Crimea, and at Van- . 
covver's Island. A traveler in China relates that they occm· also in 
1VIongolia, in very ancient skulls. A memoir published at St. Peters-
burg designates them by the name of macrocephalic, but this term might 
create some confusion with the Macrocephali of Hippocrates and Strabo, 
among whom the object was rather to produce protrusion of the frontal 
bone. This frontal depression causes ordinarily a certain degree of . 
prognathism; it does not impair the functions of mobility, but simply 
lowers the grade of intelligence. 
·Such is a summary review of the facts which have occupied our ses-
sions. It will be seen that they are alike numerous and varied, and 
furnish renewed testimony of the scientific zeal which still subsists 
among us. May our unpretending labors have the effect of enlarging 
the field of human knowledge, and consequently of promoting the dif-
fusion of light in our country. We shall thus have accomplished, as far 
as depends on us, the purpose which presided at the foundation of our 


















































CORONADO'S MARCH IN SEARCH OF THE "SEVEN CITIES OF CIBOLA" AND 
DISCUSSION OF THEIR PROBABLE LOCATION. 
By Brevet Brigadier General J. H. Snrrso~, Colonel of Engineel"s, U. S. A. 
The early Spanish explorations in Mexico in search of the'' seven cities 
of Oibola" have always been of great interest to students of American 
history. Hecent publications have drawn my attention anew to the 
vast geograpllical field embraced in the toilsome march of Vasquez de 
Coronado and his adventurous followers, and, having in years past been 
engaged officially in the United States service in exploring· that remote 
region, I have been tempted to reinvestigate the grand enterprise of the 
1\fexican government in 1540, and venture to offer the following essay as 
au expression of my well-considered views, derived, in early life, fi·om 
observation of the field. itself, and confirmed by careful study of all the 
authorities within my reach. Besides this, friends, in whose opinion I 
tnu;t, believe that my recounoissances of a large part of the country 
traversed by Coronado and his followers give me some ad vantages in 
the discussion of this subject over other investigators, wllo have not been 
favored by personal inspection and scientific location of the important 
points embraced in the adventurers' march, so that I now submit my 
conclusions with less diffidence than I should have done had I not re-
ceived in advance their cordial encouragement. 
I must acknowledge my indebtedness to the library of the Peabody 
Institute of this city, to the· library of the Historical Society of Mary-
land, and to the private library of the president of this last-mentioned 
society, Colonel Brantz Mayer, all of which have been thrown open to 
me in my researches. I must also express my particular obligations to 
Colonel :Mayer for the very valuable aid he has afforded me in the pre-
paration of this article, by the use of his excellent translation (yet in 
manuscript) of Ternaux Compans' \'ersion of the ''Relation du Voyage 
de Cibola,'' entrepris en 1540, par Pedro de Castaueda de Nagera," pub-
lished in Paris in 1838. 
The arrangement of the following essay is, first, a brief narrative of 
the march of Coronado from the city of Mexico to the " seven cities of 
Cibola" and the province of Qnivira, together with an account of the ex-
peditions of his subordinate officers, naval and military; and second, 
the discussion of the subject of the location of the importaut places 
Yisited in the several expeditions; and, in order to a clear understanding 
of the text, I accompany it with a map, for which, under my direction 
as to details of route, I am indebted to 1\lr. N.H. Hutton, civil engineer, 
,,.hose knowle(lge of New l\fexico and Arizona, derived from llis associa-
tion with Generals Whipple and Parke, as assistant engineer, in their 
exploratio11s in New Mexico and Arizona in 1853-'oG, has been of mate-
rial service to me. 
In the ,Year 1530, Nuiio de Guzman, president of New Spain, was in-
formed by his slave, an Indian, from the province of T<:>jos, situated 
somewhere north from Mexico, that in his travels be had seen cities so 
large that they migllt compare with the city of :Mexico; that these 
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cities were seven in number, and had streets which were exclusively oc-
cupied by workers in gold and sil\·er; that to reach them a journey 
of forty dass through a uesert was required; and that travelers pene-
trated the interior of that region by directing their steps northwardly 
between the two seas. 
N uuo de Guzman, confidently relsing on this information, organized 
an army of four hundred Spaniards alHl twenty thousand Indi[tll allies 
of New Spain,* and set out in search of these seven woiHlerful cities; 
but, after reaching the province of Ouliacan, he encountered such great 
difficulties on account of the mountains he had to cross that he ab:m-
doued the enterprise, and contented himself with colonizing the proY-
ince of Ouliacan. 
In the mean time, the Tejos Indian who had been his guide dying, tile 
seven cities remained only known by name, till about eight years after-
ward,. when there arrived. in :Mexico three Spaniards named Alvar 
Nuuez Cabega de Vaca, Andres Dorantes, an<l Alonso <lei Castillo 
J\'Ialdonado, accompanied by au Arabian negro named Estevanico, (Ste-
phen.)t These persons ha.d been 'ivrecked with the fieet which Pam-
.-. Castafleda's Relations, Ternaux: Comp:ms' Collections, Paris, 1tl3tl, p. 2. Halduyt, 
qnotmg fmm a letter written uy the Viceroy Antonio de Mendoc;a to the Emperor 
Charles V, says: · "Nufio de Guzman departed out of the city of Mexico with 400 
horsemen and 14,000 Indians." (Hakluyt's Voyages, vol. iii, p. 436, new eel. London, 
1810.) 
t This is according to Castafieda's account; but according to that of Cabec;a de Vaca, 
Ternanx Compans' Collections, these persons arrived in New Spain in 1536, or six in-
stead of eight years after Nufio de Guzman's expedition. Their adventures were so 
remarkable I cannot refrain from saying something about them : 
Pampbilo de Narvaez sailed from the ·west Indies early in 1528, with four hum1rcd 
men, eight y horses, and four ships, for the purpose of exploring t.Iw country of Florida, 
of which he bad been made governor. He seems to have 1·eached the harbor of Santa 
Cruz (supposed to be Tampa Bay) in April of that year, and on the 1st May debarked 
·with three hundred men, forty of whom were mounted, for the purpose of exploring 
the interior of the country. His course was northwardly, and generally parallel to 
the coast. On the 26th June he reached an Indian town called Apalache, where be 
tarried twenty-five clays. He then journeyed in nine clays to a place called Ante. 
Continuing his course thence westwardly for several days, his men became so dispirited 
from :finding no gold, and on :'Lecount of tho rongh treatment of the natives, that they 
ret urned to Auto, where, hearing nothing of their ships, which had been ordered to 
co::tst along with them and await their arrival at some good harbor, they constructed 
1ive small boats, in which two hundred and iifty of the party (all who had not died or 
been killecluy the natives) embarked, steering along tho coast westwanlly for Panuco, 
on the coast of Mexico. At length they reached the mouth of a river, the current of 
1ybich was so strong as to prevent their making headway against it, aucl whose fresh 
water was carried ont some distance into the gulf. About seven clays after, while making 
their way with great difficnhy westwardly, the boat commanded uy Cabcc;a de Vaca 
was east on an island, called by them Malhado, (Misfortune.) A clay or two after this 
Cabeya de V ::tea's bou,t and all the others were capsized in a storm ofT the island of 
Malhado, except that of the governor of Narvaez, which seems to have drifted out 
to sea, and, with its cre\v, was never afterward heanl of. Tlwse of the party that 
were not drowned remained on the island of Malhado aml main laml adjacent for six 
years, and endured from the Indians, who had enslaved thqrn, the greatest indignities. 
From this cause, and from starvation and cold, the greater portion of t:!:tem tliecl. At 
length four of them, (those mentionetl in the text above,) all that probably survivct1, 
escaped from their bondage, taking in their flight a northern course, towa nl the 
mountains, probably, of Northern Alabama. Thence tl1eir course was wcst,-van1ly 
across the Mississippi (which was doubtless" the great river coming from the .North," 
spoken of by Cabec;a) and Arkansas rivers, to the heatlwaters of the Canadian, which 
tlley scent to have crossetl just above tho great calion of that river, (where Coronado 
crossed it in l1is outwanl route to Quivira, of which more in tho sequel;) thence 
sonthwestwardly through what is now New Mexico and Arizona to Cnliacan, in Old 
Mexico, near tho Pacitic Coast, which they reachoLl in the spring of 15;36. (See narra-
tive of Alvar Ntllioz Cabec;a de Vaca, translated by Buckingham Smith, ·washington, 
1H51; and, in conf-irmation of the above specified crossing of the Canadian RiYcr, 
"The Rebtions of Castafleda, by Ternaux Compans," p. 120.) 
Mr. Albert Gallatin, in his essay, vol. 2, pp. 56, 57, Transactions of American Etlmo-
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philo de Narvaez had conducted to Florida, and after crossing the 
country from one sea to the other had reached 1\-Iexico. 
The tales they told were quite marvelous. They stated to the theu 
viceroy, Don Antonio de J\Iendoc;a., that they had carefully obsenTed the 
country through which they had passed, and bad. been told of great an<l 
powerful cities, containing houses of four or five stories, &c. The vice-
roy communicating these declarations to the new governor, Franciseo 
Vasquez de Coronado, the latter set out with baste to ~he province of 
Culiacan, taking with him three Franciscan friars, one of whom, by 
name J\Iareos <le Nic;a, in the language of the chronicler Castaneda, was 
theologian and. priest. A.s soon as he reache<l Culiacan he dispatched 
the three Franciscans, with the negro Stephen before mentioned, on n. 
journey of cliscovery, with orclers to ret~rn and report to him all they 
could ascertain by personal observation of the seven celebrated cities. 
The monks, not being well pleased with the negro on account of his 
cxcessi\~e avarice, sent him in advance to paci(y the Indians through 
whose country be bad previously passed, and to prepare the way for tho 
successful prosecution of their journey. Stephen, as soon as he reached 
the country of the " se-ven cities of Cil>ola," demanded, as Castaneda 
sa.rs, not only their wealth but their women. 
The inhabitants not relishing this killed him and sent back all the 
others that had accompanied him, except the youths, whom they retained. 
The former, flying to their homes, encountered the monks before men-
tioned, in the desert sixty leagues from Cil>ola.* "\Vhen the holy fathers 
heard the sorrowful intelligence of the ueatll of Stephen, they became 
so greatly alarmed that, no-longer trusting even the Indians "·ho had 
accompaniecl the negro, they ga-ve them all they possessed except the 
ornaments used in the celebration of the mass, and forthwith returned, 
by double-days' journey, without knowing more of the country than the 
Indians had told them. The monks returning to Culiacan, reported 
the results of their attempted journey to Coronado, and gave 
him such a glowing description of all the negro had discovered and of 
what the Indians had told them. "as well as of the islands fil1ed with 
treasure, which they were assured existecl in the Southern sca,"t that he 
decided to depart immediately for J\1exico, taking with him Friar :\lar-
cos de Nic;a, in order that he might narrate all be had seen to the vice-
ro;y. lie also magnified the importance of the discovery by disclosing 
it only to his nearest fi'iends, and by pledging them to secrecy. 
A.rrivecl at Mexico, he had an interview ·with. the viceroy, and pro-
claimetl everywhere that he had found "the sev-en cities" searched for 
by Nuno de Guzman, and busied himself with preparing an expedition 
for their conquest. :Friar Marcos having been made, through the iufin-
ence of the monks, the provincial of the Franciscans, their pulpits rc-
logical SocidJr, states that the river referred to above, whose current was so strong 
and which Narvaez's part.y could not stem, was the Mississippi; bnt this is not the view 
of Mr. Smith, who has laid down the routes of Ntlr\'aez aud party as extending 110 
fnrther west than Leaf River, which lies to the eastward of the Mississippi Hivcr. Hi~ 
i!lea, however, that the island of Santa H.osa, at the mouth of Pensacola Bay, wn~ 
Malhado, I think erroneous, for the reason that Cabep de Vaca expressly sayH this 
ir:.la.nd was "lJalf' a league broad and five lPngues (or seventeen miles) long," wher~as 
Santa Hosa Island, according to the maps, is us much as forty-seven miles long. It is 
possillle, however, that by accretions the island may have attained this length since 
Cabc\~:1 de Vaca was wrcckCfl upon it~ 
"So says Castafwtl:t; bnt Marcos de Nit;a, in his account of his journey, distinctl,Y 
states that he approached so ncar the city of Ciuola, that from a high elevation he conltl 
sec the houRes, rLlld gives quite a particular description of them. (Relation of Frbr 
Marcos de Ni~a, Tcmanx Compans' Collections, p. 2i9.) 
t Castaneda's Relations, Tcruaux Compams, p. 16. 
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sounded with the man'els of discoveries to such an extent that in a few 
days three hundred Span~ards and eight hundred Indians were assem-
bled for the enterprise. Among the former were a great many gentle-
men of good family, and probably there never had ueen au expcuition 
in which there was such a large proportion of persons of noble birth. 
Francisco Vasquez die Coronado, the governor of New Galicia, was pro-
claimed captain general, because he was the author of the discovery, 
and the Viceroy Mendoga did all he conld to foster the enterprise. 
Beliedug that if tile army marched from the city of Mexico in a bot1y 
the Indian allies would probably sufl'er, the viceroy appointed the town 
of Compostella, capital of ::New Galicia, one hundred and ten leagues 
from l\icxico, as the place, and Shrove Tuesday, 1540,* the time of rC'n-
dezvous. The troops having left :Thiexico, he ordered Don Pedro d'.A.lar-
coll to depart for r .. a Nativitad, on the coast of the "Southern Sea," aml 
with two vcs:::;els to go to J alisco to take the supplies which the soldiers 
could not transport. .After performing that duty he was to follow the 
march of the army along the coast, for it was believed, according to the 
then received accounts, that the army would neyer be distant from the 
vessels, and wonld always be in easy communication with them by 
means of the rivers.t 
All these dispositions having been inade, the viceroy departed for 
Compostella with a large body of gentlefolks. Everywhere he was re-
ceived with great eclat, and when be reached Oompostella he found tlle 
armJ~ well lodged and cnt,ertained by Christoval d'Onate, captain general 
of that conn try. 
Tic reviewed the troops, by whom he was received with great rejoic-
ing, and the next day after mass harangued them. He told them of 
their unties aud of the advantageous result that this conquest would 
produce, not only on their fortunes, but by the conversion of the nations 
they would conquer, as well as for the service of his :Thfajesty, who on 
his side promised them his bounty and additional favors. Finally lle 
caused every one to be sworn on a missal containing the Holy Evangels 
not to abandon their geueral and to obey all his commands. 
The next day the army with banners flying took up the line of march. 
For two days the viceroy accompanied it, and then returned to :Mexico. 
No sooner, however, had the viceroy left the army than it began to ex-
perience all the hardships incident to a wild, mountainous country. The 
baggage had to be transported on horses, aud, as many soldi0rs had 
never been accustomed to load them, they made sorry work of it. The 
consequence was that a great deal of their baggage was abandoned, and 
in order to get along at an many a gentleman had to become a mule-
teer, and they who shirked from this necessary labor were regarded by 
their companions as lacking spirit. 
Coronado arriving at Obiametta with his army, met at that point 
Captains :Thielchior Diaz and Juan de Salclibar, who with a dozen reso-
lute men, by Coronado's orders, had explored the country as far as Chi-
chilticale, which is on the border of the desert and two huudred leagues 
from Culiacan.f These officers gave in secret to the general such a dole-
* Castaneda's H.elations, Ternaux Compans, p. 2-1. Castafteda sa,ys 1541, bnt, asTer-
nanx: Conl}mns has remarkc<l iu a note, be mTidently must have made a mistake, for the 
letter of the viceroy to the Emperor Charles V, reporting the organization aud progrcss 
of tho expedition, bears date April17, 1540. 
t Accordi11g to "Los Trcs Siglos de Mexico, tom. I, Mexico, 1836," p. 129, "Memlot;a 
dispatchetl Alarcon, with two ships, to observe the eoast as far as the 36th degree of 
latitude, with instructions to make frctJnent embarkatiom; and to joiu the army at that 
height." 
t Castaneda gives in one place two hundred leagues as the distance; and in another, 
two hundred and twenty leagues. Sr-c his Hel. 'l'ernanx Compans' Col., pp. 12, 29. 
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ful account of the country they bad passed thnmgh, that, it leaking out, 
many in the army began to lose heart ; and it was only by Friar l\farcos 
de Niga insisting upon it, that the country was a good oue, and that 
they should not leave it with empty hands, that they were persuaded to 
continue the march. 
The day after Easter, the army took up its march for Culiacan, at 
which place they were \Yell receiYed by the citizens and furnished with 
all necessary supplies. This vi'as the last town inhabited by Spaniards, 
and, therefore, t.he last from which they could gather provisions, except 
from the Indians with whom they might meet in their further march. 
It is represented by Oastafieda, as being two hundred_ and ten leagues 
fi.'om the city of Mexico.* 
After resting a couple of weeks at Cnliacan, Coronado led the advance 
of his army, consisting of :fifty cayaliers, a few infantry, his particular 
friends, and the monks, leaving the rest of the army with orders to march 
a fortnight after, and to follow his path. ..As Oastafieda, describing his 
progress, expresses it, "when the gen<~ral had passed through all the 
inhabited region to Chichilticale, where the desert begins, and sa"· that 
there was nothing good, he could not repress his sadues~, notwithstanding 
the marvels which were promised further on. No one save the Indians 
who acJompanied the negro had seen them, and already on many occa-
sions they had been caught in lies. He was especially afflicted to find this 
Chichilticale, of which so much had been boasted, to be a single, ruined, 
and roofless house, which at one time seemed to have been fortified. It 
was easy to see that this house, which was built of red earth, was the 
w·ork of civilized people who had come fi'om afar. 
"Ou quitting this place they entered the desert. ..At the end of :fif-
teen days they came within eight leagues of Cibola, on the banks of a 
river which they named Vermfjo, in consequence of its red and troubled 
water. l\1ullets resembling those of Spain were found in it. It was 
there thut the first Indians of the country were discq,Tered; hut when 
these saw the Spaniards they fled and gave the alarm. During the night 
of the ~ncceeding day, when not more than two leagues from the village, 
some Indians who were concealed. suddenly uttered such piercing cries 
that our soldiers became alarmed, notwitLstanding they pretended not 
to regard it as a surprise; and there were even some who saddled their 
horsrs the wrong way, but these were men who belonged to the new 
levies. The best warriors mounted their horses and scoured the coun-
try. TLe Indians, who knew the land, escaped easily, aud not one of 
them was taken. On the following day, in good order, we entered the 
inhabited country. Cibo1a was the :first village we discovered; on be-
holding it the army broke forth with maledictions on Friar l\Iarcos de 
Niga. God grant that he may feel none of tLem ! 
" Cibola is built on a rock; this village is so small that, in trnth, there 
are many farms in Now Spain that make a better appearance. It may 
contain two hundred warriors. The houses are built in three or four 
stories; they arc sma11, not spacious, and have no courts, as a single 
court scrYcs for a whole quarter. The inhabitants of the province were 
united there. It is composed of seven towns, some of which arc larger 
and better fortified than Cibola. These Indians, ranged in goou order, 
awaited ns at some distance from the village. They were very loth to 
accept peace; when they were require<! to do so by our interpreters, 
they menaced us by their gestures. Shouting our war-cry of Sant !ago, 
we charge<! upon and quickly caused them to fly. 
* Castailedn.'s Rel., Ternaux Compaus' Col., p. 149. 
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"Nevertheless, it was necessary to get possession of Cibola, which was 
no easy achievement, for the road leading to it was both narrow and 
windiug. The general was knocked down by the blow of a stow~ as he 
mounted in the assault, and he would have been slain bad it not been 
for Garci Lopez de Cardenas and Hernando d'Alvara<lo, who threw them-
selves before him and received the blows of the stones which were de-
signed for him and fell in large numbers; nevertheless, as it is impos-
sible to resist the first impetuous charge of Spaniards, the village 
was gained in less than au hour. It was found filled with provisions 
which were much needed, and, in a short time the Yrl.wle proviuce was 
forced to accept peace."* 
The main army, which had been left at Culiacan under the command 
of Don Tristan d' Arellano, followed Uoronado as directed by him, 
every one marching on foot, with lance in ban<l and carrying supplies. 
All the horses were laden. Slowly and with much fatig·ue, after estab-
lishing aml colonizing Sonora, and endeavoriug to :find the vessels under 
Alarcon already referred to, by descending the river, in which they 
failed, the army reached Cibola. Here they found quarter~ prepared 
for them and rejoiced in the reunion of the troops, with the exception 
of certain captains and soldiers who had been <letaehed on explorations. 
l\Ieantime, Captain l\ielchior Diaz, \\ho ha<l beeuleft at Sonora, placed 
himself at the head of twenty-five choice men, and under the lea<l of 
guides directed his stepR towards the south west in hopes of discovering 
the coasts. Ilis course was probably down the Rio Sonora, and not 
finding the yessels there he doubtless marclled northward, keeping as 
dose to the coast as the rivers would permit him. After traveling 
about one hundred and fifty leaguest it appears he arrived in a country 
in which there was a large river, called Hio del Tizou, wllose mouth was 
two leagues wide. llere the captain learned that the vessels under 
Alarcon had been on the sea-coast, at a distance of three days' journey 
from that place. In the language of Castaileua, "Wilen he reached the 
spot that was indicated, and which was ou the bank of the river more 
than fifteen leagues from its mouth, he found a tree on wllich 
was written 'Alarcon has come thus far; there arc letters at the foot of 
tllis tree.' They dug and found the letters, which apprised them that 
Alarcon, after having waited a certain length of time at that spot, had 
returned to New Spain, and could not ad\Tance further becanse that 
sea was a gnlf; that it turned around the Isle of the :\farq uis, which had 
been called the Isle of California, and that California was not an island, 
but a part of land forming the gulf."+ 
It appears that after a good deal of <liff:iculty and a threatened attack 
from the natives, the party crossed the H.io del Tizon, ou rafts, some five 
or six days' travel higher up, and continued its journey along tlw coast. 
Quoting from Castaiieda, " vVheu tbe explorers had crossed the Rio del 
Tizon, they continued following the coast, which at that place turus to-
ward the southeast, for this gulf penetrates the land directly toward 
the north, and the stream flowR exactly toward the month from north 
to south."§ No better description could be gi\Ten of tlle relative posi-
tion of the Gulf of California, with respect to the Rio Colorado flowiug· 
into it from the north, thar:. the foregoing. 
This expedition was terminated by the death of l\IeJc.hior Diaz, which 
occurred in a very singular manner, as follows: '' Uue <lay a greyhomHl 
belonging to a soldier attacked some sheep whieh the Spaniards wel'e 
" Castafteda's H.clations, Ternanx Compans, pp. 40, 41, 42, 4:3. 
t Castaftec.1n.'s ReJat.ions, Tcrnaux Com pans, p. 49. 
+ Castaftecla's I~elatious, Tcruau:x: Compans, pp. 50, 51. § Ibid, p. 104. 
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driving with them to serve as foo<l in case of need, when Captain Mel-
chior Diaz threw his lance at the beast, in order to drive him off. Un-
fortunately the weapon stuck in the ground with the point uppermost, 
and as Diaz could not rein in his horse, who was at a gallop, quickly 
enough, it pierceu his thigh through and through, and seyered his blad· 
der. The soldiers at once decided to retrace their steps, taking their 
wounued chief with them. The Indians, who were ahnt.ys in rebellion, 
did uot cease attacking them. The captain lived. about twenty days, 
during which be was borne along with the utmost difficulty. \Vhen, 
at leugth, he died, all his troops returued in good array, (to Sonora,) 
without tile loss of a single man, and after traversing the most <lan-
gerous places."* 
In this connection it may be interesting to gh~e some account of Alar-
con's discovery of the Rio Oolora<lo. It will be recollected that he \Vas 
ordered by the Viceroy Mendoga to follow the march of the army with 
his vessels along the coast of the Southern Sea, as the Pacific Ocean 
was then called. From his relation to the viceroyt I gather the following: 
On the 9th of 1\Iay, 1540, Fernando Alarcon put to sea from La Na-
ti\-itad, in command of two ships, the Saint Peter and the Saint Cath-
erine. lie put into the ports of Xalisco and Agnaival, (respectively the 
ports of Compostella and Culiacan,) and finding Coronado and his army 
gone from this last-mentioned place, he continued his course northwardly 
along the coast, taking with him the sllip St. Gabriel, which he found. 
there laden with supplies for the army. At length anidng towards the 
upper end of what was till then believed to be a strait separating an 
island from the main land, but which he discovered to be a gulf, (the 
Gulf of California,) he experienced great difficult.y in navigating, even 
with his small boats; an<l there were some in the expedition, he remarks, 
who lost heart an<l were anxious to return, as did Captain Francisco de 
Ull va, with his vessels, in a former Yoyage of discovery. Alarcon, it 
seems, howmTer, had the necessary pluck, and, agreeably to the orders 
of the Viceroy Mendo9a, 110 was determined to make his explorations as 
thorougil as possible. After jncredible hardships he managed to get 
his vessels to the bottom of the gulf, (" wu fond dn g'ltlfe.i') IIere he 
found a very great river, the current of which 'vas so rapid, that they 
could scarcely stem it. Taking two shallops and leaYing the others witl1 
the ships, and providing himself with some guns of small caliber, on 
the 2Gth of August, 1540, be commenced the ascent of the river by haul-
ing the boats with ropes.:j: On his way he met a large number of Indians, 
* Castafteda's Relations, Ternaux Compans, p. 105. 
tTernaux Compn.ns' Coll., p. 299-348. 
:j: The most reliable information in relation to the Colorado River will be found in the 
report of Lieutenant Ives's ascent of that stream in 1858. (Ex. Doc. No.-, 36th Con-
gress, 1st. session.) * * * * " * ,. * ,. 
"From his account the region at the month of the Colorado is a flat expanse of mnd, 
and the channels that afford cntra.ncc from the gnlf arc shifting and rhangeable. For 
30 miles above the mouth the navigation is rendered periodically dangerous by the 
strength aml magnitmlc of the spring tides. 
"Between the tide-water UJHl Fort Yuma, which is 150 miles from the month, the 
principal obstructions arc sand-bars, continually shifting, luwin,g in some places but 
two feet of water upon them. There arc no rockt>, but snags rtre numerous although 
not very llangcrous. 
"For 180 miles a hove Fort Ynma tho navigation is similar. The river passes through 
several chains of hills aml monutains, forming gorges or cations, sometimes of a cou 
sidcrable size. In these there is generally ~t better channel than in the valley. 
" In the next 100 miles gravelly bars are frequent, with mauy stretches of good river 
and although the bad places arc worse, the channel is better than below. For the sue 
cecding 50 miles there arc many swift rapids. The river bed is of coarse gravel aull 
sand, aml there are some dangerous sunken rocks. The :mack Calion, which is 25 miles 
316 .CORONADdS MARCH. 
who made signs to him to return down the river, but by good manage-
ment he so appe!lsed them that be was enabled to reach a distance 
above the mouth of the river~ such that in two and a half days, ou his 
return to the ships, on account of the swiftness of the current, he made 
the same distance he bad in fifteen and a half days in ascending the 
riYer. On this expedition he learned from the Indians he met, some 
particulars of the death of the negro Stephen, before referred to, at 
Cibola, and of there being white persons like themselves a.t that place, 
who doubtless belonged to Coronado's army. Alarcon was, howeYer, 
unable to . communicate with the army on account of the desert inter-
vening between them, and the great distance they were apart. 
Refitting all his shalld'ps this time for a second voyage up the river, 
he left its mouth on the 14th of September, but was no more successful 
in this than in his former expedition in communicating with Coronado. 
Having, therefore, reached as far up the river as he thought expedient, 
he planted a cross at that point, and deposited at its foot some letters, 
in the Lope that some persons of Coronado's army, searching for news 
of the vessels, might find them . . These letters, it has alread.}r been stated, 
were found by Melchior Diaz on the Rio del Tizon, called by Alarcon 
the "Bon Guide," after the device of his lordship Don Antonio de Men-
doya, and at the present day the Rio Colorado. 
At the end of Alarcon's relation to the viceroy he reports that he 
found the latitude, as given by the "patrons and pilots of the 1\Iarquis 
del Valle," wrong by two degrees; that he had gone further by four de-
grees than they, and that he had ascended the river a distance of eighty-
frye leagues.* This report of Alarcon's is very interesting from its great 
partiCularity and the many incidents it giyes of the expedition; it shows 
also that he was fully equal to the trust committed to him, and that 
no explorer could have done more to carry out the orders of the Viceroy 
l\Iendoga. 
vVe will now return to the armJ' under Coronado, at Cillola. This 
general immediately set to work to explore the adjacent country. H en,r-
ing there was a province in which there were seven towns similar to 
tlwse of Cibola, he dispatched hither Don Pedro de Tobar with seven-
teen horsemen, three or four soldiers, and Friar J nan de Padilla, a Fran-
·ciscan, who had been a soldier in his youtll, to explore it. "The rumor 
had spread among its inhabit::mts that Cibola \vas captured by a very 
ferocious race of people vd10 bestrode horses that devonreu meu, and as 
they knew nothing of horses, this information filled them with the greatest 
astonisllmeut."t They, however, made some show of resistance to the 
invaders in their approach to their towns, but the Spanir.nls chargiug 
upon them with vigor, many were killed, when the remainder fled to the 
houses and sued for peace, offering, as an inducement:, presents of cotton 
stuff, tanned hides, flour, pine nuts, maize, native fow Is, and some 
turquoises. · 
'.£llese people informing the Spaniards of a great river on which tbere 
long, is now reachcL1, and in it the rapids are numerous and difficult. Calvillo is some 
six miles above the head of this calion." (Letter of GenernJ. A. A. Humphreys, Chief 
of Corps of Engineers United States Army, to Secretary of vVar, Jnne 24, 1868, in his 
annual report for 1868, part 2, p. 1195.) 
*Alarcon's orders from the Viceroy Mendoc;a, as before stated, in a note, were to 
explore as high as the 36th degree of latitude. According to his own account of the 
distance he went up the Rio del Tizon, (Colorado,) he must have e:s:p1o~e<l as far as 
ahout the 34th degree, and if h e went no higher np than where Melcllior Diaz fonml 
tlle tree, at the foot of which were letters fi·om Alarcon, showing t,lJat there was the 
highest point to which be had attained, the highest latitude he reached must have been 
only about the 33cl degree. 
t Cast;aiieda's Relations, Tcrnaux Com pans, p. 59. 
CORONADO'S MARCH. 317 
were Indians living, who were very tall, a report of the same on his 
return to Cibola was made by Don Pedro de Tobar to Coronado, who 
se.nt ont another party consisting of twelve men, under Don Garci-Lopez 
de Cardcuas, to explore this river. It appears from Castaiieda's Rela-
tions that the party passed through Tusayan again on its way to the 
ri Yer and obtained from its inhabitants the necessary supplies and 
guides. 
After a journey of twenty days through a desert it seems they reached 
the river, whose banks were so high that, as Castaiieda expresses it, 
"they thought themselves eleYated three or four leagues in the air." 
For three days they marched along the banks of the river, hoping always 
to find a downward path to the water, which 'from their elevation did 
not seem more than a yard in width, but which according to the Indi-
ans' account was more than half a league broad. But their efforts to 
descend were all made iu vain. Two or three days afterward, having 
approached a place where the descent appeared practicable, the cap-
tain, ~felgosa Juan Galeras, and a soldier, who were the lightest men in 
the party, resolved to make the attempt. They descended until those 
who remained above lost sight of them. They returned in the afternoon 
declaring that they had encountered so many difficulties that they could 
not reach the bottom; for what appeared easy when beheld from aloft, 
was by means so wb{)n approached. They added that they compassed 
about one-third of the descent, and that from thence the river already 
seemed very wide, which confirmed what the Indians stated. They 
assured them that some rocks which were seen from on high, and did 
not appear to be scarcely as tall as a man, were in truth loftier than the 
tower of the cathedral of Seville.* 
Castafieda, after describing the further progress of the exploring party, 
goes on to say: "The river was the Tizon (Colorado.) A spot was 
reached much nearer its source than the crossing of Melchior Diaz and 
his people (before referred to;) and it was afterward known that the 
Indi:;}ns which have been spoken of were the same nation that Diaz saw. 
The Spaniards retraced their steps (to Oibola) and this expedition had 
no other result."t 
During the march they met with -a cascade falling from a rock. The 
guides said that the white crystals hanging around it were formed of 
salt. They gathered and carried away a quantity thereof, which was 
distributed at Cibola.t 
*For 300 miles the cut edges of the table land rise :itbruptly, often perpendicularly, 
from the water's edge, forming walls from 3,000 to 6,000 feet in height. This is the 
great calion of the Colorado, the most magnificent gorge as well as the grandest geo-
logical section of which we have any knowledge. 
Again, the calion of the Colorado at the mouth of Grand River is but a portion of the 
stupendous chasm which its waters have cut in the strata of the table lands, and of 
which a general description has been given. At this point its walls have an altitude 
of over 3,000 feet above the Colorado, and the bed of the stream is about 1,200 feet 
above the level of the sea, or 500 feet higher than those in the Black Calion. A few 
miles further e.ast, where the surface of the table lands has an altitude of nearly 7,000 
feet, the dimensions of the calion become far more imposing, and its cliff's rise to the 
l1eight of more than a mile above the river. (Report of Lifmtenant Joseph C. Ives, 
Corps of Topographical Engineers United States Army, upon the Colorado River, 
1857-'Gtl, Senate Ex. Doc. 30th Congress, 1st session. Geology, chapter v, p. 42; Chap-
ter vi, p. 54.) 
t Castaneda's Relations, Ternaux Compans, p. 64. 
t Lh•utenant Ives speaks of having fouud salt on the Flax Rive~, which Cardenas, 
party undoubtedly crossed or followed: 
"At noon to-day we came to the object of our search-a well-beaten Indian trial' 
running toward the north. Camp was pitched at the place where it strikes the Flax 
River, aml it is the intention to make the seco,ud attempt to-morrow to penetrate the 
unexplored region. Near by arc several salt springs, and scattered over the adjacent 
surface are crystals of excellent salt." (Report of Lieutenant lves, p. 117.) 
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I have thus briefly described the explorations which were made by 
Coronado and his captains, as far as Cibola, on the northern edge of the 
great desert northward of Chichilticale; the branch expedition of :Mel-
chior Diaz from Sonora northwestward to and around the h~ad of the 
Gulf of California, after crossing the Tizon (Colorado,) in search of the 
vessels; the exploration of t,be river Tizon, by Alarcon, in boats 
for a distance of 85 Spanish leagues,* or about 290 miles, above its 
mouth; the expedition of Don Pedro de . Tobar from Cibola to Tusayan, 
lying to the northwest of Cibola twenty-five le~gues; and the exploration 
of Don G<lrci Lopez de Uardenas from Oibola through Tusayan west-
wardly to the deeply canoned rh-er Tizon. I shall now give in as few 
words as I can some account of Coronado's subsequent explorations to 
the eastward of Cibola. . 
\Vhile the discoveries above mentioned were being made, some In-
dians li viug seventy leagues towards the east, in a province called Cicnye, 
arriYed at Cibola. There was with them a Cacique, surname Bigotes 
(.Mustaches) on account of his wearing these long appendages. '.rhey 
bad heard of the Spaniards, and came to offer their services and their 
friendship. They offered gifts of tanned skins, shields, and helmets, 
which the general reciprocated by giving them necklaces of glass beads, 
and bells, which they had never before beheld. They informed him of 
cows, because one of these Indians had one painted on his body." Cas-
taiieda goes on to say, but "we would nm-er have guessed it, from 
seeing the skins of these animals, for they are covered with a frizzled 
hair, which resembles wool;" t thus showing that they certainly were 
buffaloes. 
The general ordered Captain Hernando d'.Alvarado to take twenty 
men and to accompany these Indians, but to return in eighty days to ren-
der an account of what he might have seen. Alvarado departed with 
them, and "five days after they arrived at a village named Acnco, built 
on a rock. The inhabitants, who are able to send about two hundred 
warriors into the field, are the most formidable brigands in the provin-ce. 
This village was very strongly posted, inasmuch as it was reached by 
only one path, and was built upon a rock precipitous on all its other 
sides, and at such a height that tho ball from an arquebusecould scarcely 
reach its summit. It was entered by a st::iirway cut by the hand of man, 
which began at the bottom of the declivitous rock and led up to the vil-
lage. This stairway was of suitable width for the first two hundred 
~teps, but after these there were a hundred more much narrower, and 
when the top was finally to be reached it was neceRsary to scramble up 
the three last toises by placing the feet in holes scraped in the rock, and 
as the ascender could scarcely make the point of his toe enter them he 
was forced to cling to the precipice with his hands. On the summit 
there was a great arsenal of huge stones, which the defenders, without 
exposing themselYes, could roll down on the assailants, so that no army, 
no matter what its strength might be, could force this passage. There 
was on the top a sufficient space of ground to culth~ate and store a large 
supply of corn, as well as cisterns to contain water and snow."t 
'.rhe Indians here, as at Tusayan, traced lines ou the ground, and for-
bade the Spaniards to pass over them; but seeing the latter disposed 
*Common Spanish league equals 3.42 American miles. (United States Ordnance 
Manual.) 
t Castaiieda' s Relations, Ternaux Com pans, p. 68. "I1 est ici la question des bisous, que 
l'autenr nomme toujours 1·acas. Jc me servirai dor6navaut du mot de bison." (Note 
by Ternanx Compans.) 
j: Castaiicda's Relations, Ternaux Compaus, pp. 68, 69, 70. 
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for an attack, they quickly sued for peace, and presented to their con-
querors a supply of birds' bread, tanned deer-skins, pine-nuts, seeds, 
flour, and corn. 
Three days' journey thence Captain Alvarado and party reached a 
province called Tiguex, where, on account of Bigotes, whom the inhab-
itants knew, they were receh·ed very kindly; and the captain was so 
well pleased with what he saw that he sent a messenger to Coronado 
inviting Ilim to winter in tilat country, which pleased the general greatly, 
as it made him believe that his affairs were growing better. 
Five days' ,iourney thence, Ah·arado reached Cicuye, a villnge very 
strongly fortified, and whose houses hall four stories. Ile reposed here 
with his party some days, when he fell in with an "Indian slave who 
was a native of the county adjacent to Florida, the interior of which 
Fernando de So to bad lately explored."* 
This Indian, whom they called -il Tttrco, (the Turk,) on account of his 
resemblance to the people of that nation, spoke of certain large towns, 
and of large stores of gold and sih·er in his country, t and also of the 
country of tile bisons, (buffaloes.) Alvarado took him as a guide to the 
bison country, and after he Ilad seen a few of them he returned to Tig-
uex to give au account of the news to Coronado. 
In tile order of events, Coronado, who had remained at Cibola with 
the main body of the army, hearing· of a province composed of eight 
towns, took with him thirty of the most hardy of his men and set out 
to visit it on his way to Tiguex. In eight or eleven days (the narrative 
is here obscure) be reached this province, called Tutailaco, which ap-
pears to have been situated on tile Rio de Tiguex, below the dty of Tig-
nex, for Castaiieda expressly states that he afterward ascended the 
riYer and visited the whole province until be arrh~ed at Tiguex. 'rhe 
eight villages composing this province were fiot like those of Cibola, 
built of stone, but of earth. lie also learned of other villages still fur-
ther down the river. 
"On his arrival at Tiguex, Coronado fonnd Hernando d'Alvarado 
with the Turk, and was not a little pleased with tile news they ga,-e 
him. This Indian told him that in his country there was a ri,·er two 
leagues wide, in which fish as large as horses were found; that there 
were canoes with twenty oarsmeH. on each side, which wer~ also pro-
pelled by sails; that the lords of the land were seated in their sterns 
upon a dais, while a large golden eagle was affixed to their prows. lie 
added that the sovereign of tilis region took his siesta beneath a huge 
tree, to whose branches golden bells were hung, which were rung by 
the agitation of the summer breeze. He declared, moreover, tilat the 
commonest vessels were of sculptured silver; that the bowls, plates, and 
dishes were of gold. He called gold acochis. He was believed because 
he spoke with great assur~mce, and because when some trinkets of cop-
per were shown him he smelt them, and said they were not gold. 
He knew gold and silver very well, and made no account of the other 
metals. The general sent IIernando <l'Alvarado to Oicuye to reclaim 
the golden bracelets which the Turk pretended had been taken from 
him wileu he was made prisoner. When Alvarado arrived tilere the 
inhabitants received him kindly, as they had done before, but they pos-
... Castaficda's Relations, Ternaux Com pans, p. 72. The basin of the Mississippi River 
and tributaries, in former da~rs, were included in Florida by the Spaniards. (Sec note, 
l)· 90.) 
tThe country of Qnivira, which Coronada,, as will be seen in the sequel, visited, and 
which, being adjacent to Florida, as stated abo,·c, must have been situated in the coun-
try tributary to the )fissouri or Mississippi, and not near the Rio Grande, as some com-
mentators have supposed. 
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itively affirmed that they had no knowledge of the bracelets, and they 
assured him that the Turk was a great liar, who deceived him. Alva-
rado, seeing there was nothing else he could do, lured the chief, Bigotes, 
and the Caeique :under his tent, and caused them to be chained. The 
inhabitants reproached the captain with being a man without faith or 
friendship, and launched a shower of arrows on him. Alvarado con-
ducted these prisoners to Tiguex, where the general retained them more I 
than six months.''* 
Tllis affair seems to have been the beginning of Coronado's troubles .. 
with the Indians, which were subsequently increased by his exacting 
a large quantity of clothing, which he divided among his soldiers. 
Two weeks after Coronado left Cibola for Tiguex, agreeably to his 
orders, the army under the command of Don Tristan d'Arellano took up 
its march from that place for Tiguex. The first day they reached the 
handsomest, and largest village in the province, where they lodged. 
"There they found houses of seven stories, which were seen no-
where else. These belonged to private individuals, and seryed as 
fortresses. They rise so far above the others that they have the appear-
ance of towers. There are embrasures and loop-holes fi.·om which lances 
may be thrown and the place defended. A.s all these villages have no 
l!ltreets, all the roofs are flat, and common for all the inhabitants; it is 
therefore necessary to take possession, first of all, of those large houses 
which serve as defenses." t 
The army passed near the great rock of Acuco, already described, 
where they were wen received by the inhabitants , of the city perched 
on its summit. 
Finally it reached Tiguex, where it was wen received aml lodged. 
The good news given by the Turk cast their past fatigues into oblivion; 
though the whole province was found in open revolt, and not without 
cause, for on the preceding <lay the Spaniards bad burnt a village; and 
we have already seen that the imprisonment of Bigotes and the Turk, 
and the exactions of clothing by Uoronada, had also very greatly exas-
perated them. The result of all this was that the Indians generally re-
volted, as they said, on account of the bad faith of the Spaniards, and 
the latter retaliated by burning smne of their villages, killing a large 
number of the natives, and at last laying siege to and capturing Tiguex. 
This siege lasted fifty days, and was terminated at the close of 1540.t 
After the siege the general dispatched a captain to Chia, which had 
sent in its submission. It was a large and populous village, four leagues 
west of the Tiguex River. Six other Spaniards went to Quirix, a prov-
ince composed of seven villages. All these villages were at length 
tranquilized by the assiduous efforts of the Spaniards to regain the 
confidence which they hau justly lost by their repeated breaches of 
faith ; but no assurances that could be given to the twelve villages in the 
province of Tiguex would induce them to return to their homes so long 
as the Spaniards remained in the country; and no wonder, for no more 
barbarous treachery was ever shown to a submissive foe than bad been 
shown to these Tigueans by these faithless Spaniards. 
So soon as the Tiguex River, (Rio Grande,) which had been frozen for 
four months, was sufficiently fi.·ee from ice, the army took up its march 
on the 5th of May, 1541, to Quivira, iu search of the gold and silver which 
*Castaneda's Relations, 'l'ernanx Compans, pp. 76, 77, 78. 
tCastalleda's Relations, Tcrnaux Compans, p. 80. · 
:j:Castaiieda says 1G42, evidently an error, as may be ascert:tinefl by accounting for 
the time consumed by the army in its march from Chiametla, which it left on the next 
tlay after Easter, 1540. (Sec ante, p. 12.) 
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the Turk had said could be found there. Its route was via Oicuye, 
twenty-fixe leagues distant. The fourth day after leaving Oicnye and 
crossing some uwnntaius it reacl1ed a large and very <leep river, which 
passed pretty near to Oicnye, and was therefore called the Rb de Cieuye. 
Here it. was delayed four days to lmild a !)ti<lge. Ten (lays after, on 
their march, they discon:red some tents oftannetllmffalo skins, inhabited 
by IIHliaus who were like 1.\.rabs, and wbo were called Qnerecbaos; 
continuing their march in a northeastwanlly direction they soon came 
to a· Yillage in which Oabe<;a de Vaca and Dorantes (mentioned in the 
.first part of this paper) had passed through on their way from Florida 
to l\lexico.* The army met with and kille<l an incredible number ot 
buft'alo;t aud after reaching a point 230 leagues (830 miles) from Tignex, 
the provision giving out, Uoronado, with thirty horsemen and six foot-
soldiers, eontiuued his march in search of Qnivira, while the re~t of the 
army returned to Tiguex under the commaudof Don Tristan <.1'Are11ano. 
Tbe narrative goes on to say: "The gnides conducted tlle general to 
Quivira in forty-eight days, for they bad traveled too much iu the direc-
tion of Florida. At Quivira they found neitller gold lior siher, all(l 
learning from the Turk that he had, at the instance of the people of 
Cirnye, purposely decoyed the army far into the plains to kill tl1e horses, 
and thus m~Lke the men helpless and fall an easy prey to the natives, 
and tllat all he had said about the great quantity of silver and gold to 
be fouml there was false, tlley strangled him. The Incliaus of this 
region~ so far from having large quantities of gold and silver, di(l not 
even know these metals. The Oaciqne w-ore on his breast. a copper plate, 
of which he made a great parade, which he vwuld not han~ done had he 
known anything about those pre(·ious metals. The army, as stated 
above, retreated to Tiguex before reaching Quivira. They took as 
g-uides some T<'yans, through whose country they were passing, and 
were led back by a much more direct way than that tlwy pursued in 
coming. 11hese Te,yam; were a nomadic 1wtiou, and being constantl.v in 
the pnrsuit of game knew the country perfeetly.'' It is narrated they 
guided the army thus: Every morning they watehed to Bote ·where thP 
sun rose, aud directed their way by shootiug an mTO\Y in a<haucc, aud 
then before reaehing this arrow they discllarged another; in this 'vay 
they marked the whole of their route to the spot where water was to be 
found, and where theJ~ encamped. "The army consumed only twenty-
;, It will be recollccte<l that it was on information given by these persons and two 
others, Maldonado and the negro EsteYan, that this e:xp~<.litiou was fomH.1Pd. (See 
ante p. 310.) 
t The following minute and graphic description of the butialo, seen b;\T Coronado and 
his army, i~ taken from Gomara, as quoted iu Hakluyt's Voyages, vol. iii. "The~-w o:xea 
are of the bigness an<l color of our bulls, but their horus arc not so great. They have 
a great bunch upon their fore-shoulders, and more hair upon their fore part tiJ:m on 
their himler part; and it is like wool. They have, as it ·were, a hon;c mane npon their 
back bone, and mneh hair, alH1 very long from the knees downward. Tlwy have gr<':tt 
tufts of hair hanging down their foreheads, an<l it seemeth they have beards, hcean~P 
of the great store of hair hanging down at their chins ~wd throats. The males have 
very long taih;, anrl a great knob or flock at the end, so that in some res1wctl-; they 
resemhle the liou, and in some other the camel. They pur-;h with their horus, they rnu, 
they overtake and kill a horse when they are in their rage a,ud anger. Finally, it is a 
fierce benst of countenance a-ml form of hocly. The horses fled from them, either be-
cause of their deformed shape, or else because they hatl never seen them. Their mas-
ters hv.ve no other riches nor Hnbstance; of thorn they eat, they drink, they apparel, 
thPy shoe themselves; and of their hides they make many thmgs, as houses, shoes, 
apparel, and ropes; of their bones they ma-ke bodkins; of their sinews antl hair, thread; 
of their horns, ma-ws and bladders, vessels; of their dung, fire; all(l of their calf skins, 
budgets, wllerein they <lra.w and keep water. To be short, they make so many things 
of them a,s they have need of~ or as ma.y snffice them in the usc of this life." 
21 s 
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five days on the journey, and · even then much time was lost. The :first 
time it had taken thirty-seven days."* 
"On the road they passed a great number of salt marshes where there 
was a considerable quantity of Halt. Pieces longer than tables and four 
or five inches tbick were seen floating on the surface. On the plains 
they found an immense number of small animals resembling squirrels, 
and numerous holes burrowed by them in the earth.''t These animals 
were most unquestionably the little prairie-dogs whose villages. have 
been so naively described by Washington Irving and George Wilkins 
Kendall. On t,his march the army reached the river Cicuye, more than 
thirty leagues below the place where they had before crosse<l it by a 
bridge. They then ascended the river, by following the banks, to the 
town of Oicuye. The guides, declared that this rh.,.er, the Oicuye, (no 
doubt the Pecos,) at a distance of more than twenty days' journey, 
threw itself into that of Tiguex, (the Rio Grande,) and that subsequently 
it flm.ved tO\vard the east. Castaneda goes on to say: "It is believed 
that it (the Tiguex) joins the great river of Espiritu Sancto (1\iississippi 
River) that the party of Hernando de Soto discovered in Florida.":j: 
The army under Arellano reaching T1guex, on its return from the 
prairies in the month of July, 1541, this offic~r immediately ordered 
Captain Francisco de Barrio-Nuevo to ascend the Rio de Tiguex (Rio 
Grande) in another direction with some soldiers on an exploring· expe-
dition. Tiley reached the proviuces, one of which, comprising seven 
villages, was called Hemes; the other, Y uq ne- Yunque. 
T\Yenty leagues (68 miles) further in ascending the river, they came to 
a large and powerful village named.Braba, to which the Spanianls gave 
the new title of Valladolid. "It was built on the two banks of the river, 
which was crossed by bridges built with nicely-squared timber.'i§ 'rhe 
country was very high and cold. From Braba the exploring party re-
turned to Tiguex. Another party, it seems, went dmvn the Hio de Tig-
uex (Rio Grande) eighty leagues, where they discovered four large vil-
lages, and" reached a place where the river plunged beneath the ground; 
but ina~much as their orders confined them to a distance of eighty leagues, 
they did not push on to the place where, according to the Indians' accounts, 
this stream escapes again from the earth with considerably augmented 
volume." II 
" Castaneda's Relations, pp. 133, 134. 
t Castafied.a's Reln.tions, Ternaux Com pans, p. 134. 
:j: "VAlliOUS NAMES OF THE MISSISSIPPI RIVER.-I remember to have seen in the 
course of my reading the f1,llowing Indian, Spanish, and French names applied to the 
river Mississippi; and it may be well to record them in your maga.zine for preserva-
tion, and probn.bly to be augmented in number by other stmlents of American history: 
"Indian names.-Mico-king of rivers; Mescha-Sibi-Mescha, great and Sibi River; 
N amosi-Sipon-Fish River; Okimo-chitto-Great Water path-a Choct:'i name; M:issee-
seepe; Meact-chassipi-old father of rivers, according to Du Pratz; Malbouchia, 
according to Iherville. 
"French.-Riviere de St. Louis; Riviere de Colbert; Mississippi. 
"Spanish.--Rio Grande; Rio Grande del Espintu Santo; Rio de la Enlata; Rio de la-
Palisacla; Rio de Chnchaqua. 
"The Vernci Ptolemy of 1513lays it clown, or, at least, marks a Tiver without a name, 
at the site of its embouchure. Orbus Typh;, 1515; Pineda's map, 1519; other Ptolcmic~:J, 
1525; Cabe<;a de Vaca saw it in 1528. De Soto crossed it in June, 1541, and died in 
Louisiana, on the west bank of the Mississippi, opposite the mouth of the .Big Black 
River, May 21, 1542. 
"BRANTZ MAYER. 
"BALTIMORE, October 15, 1857." 
-(Sec Historical Magazine, vol. 1, p. 342.) 
§ Castafiecla's Relations, Ternaux Com pans, p. 139. 
H Castafieda's Relations, Ternaux Compans, p. 140. Mr. Albert Gallatin, commenting 
on this passage, says: "The assertion that the river was lost under ground was a mistake. 
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We shall now return to Coronado, whom we left at Qnivira. It appears 
that, in consequence of his not arri viug at Tiguex at the expected time., 
Don Tristan d'Arellano set out in search of Lim with forty horsemen. 
At Cicnye the inhabitants attacked Don Tristan, b.r which he was de-
layed four days. Hearing of the apprmwll of Coronado, be contented 
himself with guarding the passes in the vicinity of the village till tlle 
arrival of the general. Castaileda says that, "notwithstanding lle bad 
good guides, and was not incumbered with baggage, Coronado was forty 
(!lays in making tlle journey from Quivira."* From Oicuye he journeyed 
to Tiguex, where he went into winter quarters, with the intention in the 
spring of pursuing his discoveries by pushing his whole army toward 
Quivira. 
"vVhen winter was over Co ron ada ordered the preparation to be made 
for the march to Quivira. Every one then began to make lJis arrange-
ments. Nevertheless, as often happens in the Indies, things did not 
turn out as people intended, bnt as God pleased. One day of festival 
the general went forth on horseback, as was his custom, to rnn at the 
ring with Don Pedro Maldonado. He was mounted on an excellent 
lJorse, but his valets having changed the girth of hi8 saddle and having 
taken a rotten one, it broke in miu-course and the rider unfortunately 
fell near Don Pedro, whose horse was in fuH career, and in spri11ging 
over his body kicked him in the head, thus inflicting an injury wllich 
kept him a long while in bed and placed him within two fingers of 
deatll."t 
The result of this was that being of a superstitionR nature and hav-
ing been foretold _by a certain mathematician of Salamanca, who was 
his friend, that he should one day tiud himself the omnipotent lord of a 
distant couutry, but that he sllonl<1 han~ a fall whiell \Vonld cause his 
death, he was very anxious to hasten home to die uear his wife and 
children. From this time, Castaileda states, that Coronado, feiguing 
himself to be more ill tllan he was, worked upon his soldiery in RO subtle 
a way as to induce the greater part of them to petition him to return to 
New Spain. They then began openly to declare their belief that it was 
better to return, inasmuch as no rich country had beeu foulHl, . and it 
was not populous enough to distribute it among the army. The general, 
finding no one to oppose him, took up his line of mareh on his return to 
This was, undoubtedly, the place inbtitude 31° 39', where the Rio del Norte, cutting 
through the mountains, empties into a deep an<l impassable caTion, from which it emerges 
some distance below, as has been before stated." (See Transactions of American E.tlmo-
logical Society, voi. ii, p. 71.) 
.Mr. Gallatin, though usmtlly very judicious in his remarks, I think is at fault here. 
The eause of the river disappearing at the point referred to, aml then appearing again 
further clown, was not on account of its entering a calion, which the Spaniard~-> could 
have noticed. aud not been deceived about, but because the Rio Tignex, (Rio Grande,) 
like most of the rivers which I have seen on the 11lains and in New l\iexico, is liable, 
when very low, to be lost in its sandy bed, and then to appear again further down, where 
the sand is not snfiicie11t to absorb it. It is on this account, as I have seen, when the 
heat of the sun a<.l<led its potent influence to cause a river to disappear through the 
<.lay, that during the night, when this intlu.,.nce did not prevail, it would again appear 
a running stream. 
Humboldt refers to a. disappearance of the Rio Granfle, which appears to have taken 
place about the same locality, and also attributes it to <t wrong c<tnse. "The inhab-
itants of Paso del Norte preserve the memory of a very extraordin:try event which 
occurred in the year 1752. They saw, all at ouce, the river become dry, thirty leagues 
above, and more tllau twenty leagues below, El Paso; the water of the river precipi-
tated itself in a. newly-formed crevasse, and did not appear again above gronn<luntil 
you reach the Presidio de San Elezario." (Humbol<Ws E.ssai Politiqne Snr le Royaume 
de ]a. Nouvelle Ilispagne, edition 1811, p. 30:t) 
"Castafi.eda's Relations, Terna.u:x Compans, p. 142. 
t Castafleda's H.elations, Ternaux: Com pans, p. 202. 
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1\iexico in the beginning of April, 15.42. He returned by the way of 
Uibola and Cllicllilticale, as be llad come. At length, after skirmishing 
wit,h the Indians, in which a number of their men and horses were killed, 
the army reached Culiacan. From this place Coronado departed for the 
city of Mexico, to make his report to the viceroy, only al)Out one hun-
dred of his army continuing with him. "Castaneda says he was badly 
received by the viceroy, who nevertheless gave him a discharge; yet he 
lost his reputation and soon after his government of New Galicia also."* 
Thus ended this great expedition, which for extent in distance trav-
eled, Juration in time, extenuing from the spring of 1540 to the summer 
of 1542, or more than two years, and the multiplicity of its co()perating 
branch explorations, equaled, if it did not exceed, q,ny land expedition 
that has been undertaken in modern times. 
Having given a general account of the routes pursued by Coronado 
and his army and of the track of the transport vessels under Alar-
con, I will now proceed to fix definitely, so far as I have been ellalJled, 
the position of the several important places mentioned by Castaneda 
and otller chroniclers. 
The il.rst important point after leaving the city of .Mexico is Compos-
tella, where the army rendezvoused preparatory to its setting out on its 
expedition. This point reached, the army, in an organized condition, 
took up its line of march along the foot of the west lJase of the Sierra 
Nevada in the direction, west of north, as far as Sonora, on the Sonora 
Hiver; from this place its course was most probably more directly 
towards Chichilticale, or northerly, through the mountains, as far as 
the plains of "the lower · portion of the l~io Santa Cruz, over which it 
continued its march to Chichilticale. • 
The towns of Oompostella, Culiacan, Oinaloa, and Sonora, points of 
the routes, are1aid down from tile "military map of the United States," 
recently issued from the office of the Chief of Engineers United States 
War Department. The other point,s are laid down from data obtained 
as follows: Ohiametla, from "American Atlas, by Mr. Thomas Jeffreys, 
London, A. D. 1775 ;" Petatlan, 30 leagues north of Uuliacan according 
to Oastaiieda,t and four days' jotulley accordi11g to Jaramillo.t 
With regard to the position ot the town of Corazones, it is difficult, on 
account of the vagueness of the narratives of Jaramillo and Coronado, to 
fix it. Jaramillo speaks of it as having been situated about five days' 
journey northwardly from the Yaquemi River, and conveys the idea 
that it was near or on the Rio Sonora.§ Castaiieda says, " in the lower 
p ·ut of the valley of Sonora is that of the Corazones, inhabited by 
Spaniards." II Again, "Don Tristan decided to found and colonize a 
town called San Hieronimo de los Uorazones; but seeing that it could not 
prosper in this valley, he transferred it to a place called Senora, 
*Castaneda's Relations, Ternau:x: Compans, p. 227. Gomora says, "H grieved Don 
Antonio de Mendoc;a very much that the al'my returned home, for he had spent alJont 
three-score tlwusand pesos of gold iu the enterprise and owed a great part thereof still. 
Many songbt to have dwelt there, but Francisco Vasquez de Coronado, who was rich 
aud lately married a fair wife, would not consent, saying that they coul<l not maintain 
nor defend themselves in so poor a country and so f::"tr from succor. They traveled 
about 900 leagues in this country." (The rest of the voyage to Acuco, Tiguex, Cieuic, 
and Quivira, from the General History of the vVest Indies, by Francis Lopez de Gomora, 
as quoted by Hakluyt, Yol. iii.) · 
t Castauecla's Relations, Ternaux Com pans, p. 223. 
+Jaramillo's Relations, p. 365. 
§Jaramillo's Relations, Ternaux Compans, p. 366. 
II Castnfteda's Relations, p. 157. 
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:sonora,) and it has been so called to this day."* Again, in another 
part of his Relations, describing the places between the Sonora River 
and Ohichilticale, he informs us that "it was forty leag-ues from 8onora 
to the valley of the Suya, where was foundeu the city of San IIier-
onimo."t Now, my idea is, that the town of Oorazones on tho Sonora 
Hiver was Sonora, so called because it was eminently the tmvn of the 
province of Oorazones, in which it was situated; and that San Hieronirno 
de los Oorazones was situated, according to Coronndo, ten or t\vclve 
leagues from the sea,t and, as above stated, forty leagues from Sollora, 
on the Suya River; which would place it about where I have located it, 
on a river which is now called the San Ignacio.t 
From Sonora the march was, according to J aramilio, four days to the 
Nexpa Ri,Ter. Jaramillo says: "After leaving Sonora we made a journey 
of four days in a desrrt, and arrived at another stream, which we under-
stood was called Nexpa. We. desoended the stream two days, and we 
quitted it to the right at a foot of a chain of rnonntaim~, which ,,-e 
fo1lowed two days. They told us tllat it was called Ohic!Jifticalc. After 
having left the mountains we came to a deep creek, the banks of which 
were esearped. After quitting thiR stream, which is be,Yond tbe N expa 
of which I have spoken, we took a northeast direttion," &c.11 
Now the Nexpa, tho stream they descended t\vo days~ I belit•ve was 
the Santa Cruz, runniug in a northerly direction, (the proper <lir<>etiou 
of their march;) the mountains, at the foot of which they also tnt\Teled 
two days, were the "Santa Catarina Mountains;" and the stream wllich 
they then reached was the Gila, whose deep bed aiHl esearped banks so 
cxaetly correspoiHl with the description g·iyen by Jaramillo.<fl 
The next important place was Chichilticale. Here wa::; the Oasa 
Grande of which ~::;o much bad been reported, and here the army com-
menced its march northeastwardly aeross the great desert, on the far 
side of which were the seven cities of Cibola. That the Oasa Grande 
was so situated, with regard to Cibola, there is no dispute; bnt of its 
exact location there is some question. 
Castafic<la says: " At Chichilticale the country cea8es to be CO\'Crrd 
with thorny trees, and changes its aspect; it is there the gulf terminates, 
and the coast. turns ( O'est la. que le go{fe se tenniue et q1te ln cote tounte;) 
tlle mountains follow the same direction, and they must be crossed to 
rea<'h the plains again."** 
" Castailedn/s Relations, p. 44. t Ibid., p. 158. 
t Tlw sea (Gulf of California) rctnrneth towanls the west, right against the Corazones, 
the sp::tC(' of ten or twelve leagues. (Coronado's Rel., Ilaklnyt, Yol. iii, p. 448.) 
~In this connection it may be pertinent to remark, that San Hieronituo tle lbs Corn-
zones, which seems to have l>een a sort of depOt, was tnmsferred to Sonora; l>nt nppt'ars 
still to have been kept as a post, for we are toM that some of its garrison dPs<'rtcll H, 
for, among other reasons, that they looked on it. as useless, "fm' the road to New Spain 
passed by a. more favorahle direction, lea.Ying Suya to the right.'' This will :H'('onnt 
for two routes beillg la.id down on the accompan;ring map between Sonora. aud the 
Nexpa Rin•r. · 
II Jaramillo's Relations, Ternanx Compn.ns, pp. :357 and 36~. 
~ l\lr. E. G. Sqnier Rnpposcs the NP:s:pa to baYe beeu the Rio Gila. His l::mgna"·<' i~;: 
"Allowi11g :{0 miles to the day's march, which is nbont tho a,verage nuder favo7-able 
circumstances, we haYe 120 miles as the distunc1: between the point on the Souora. 
Riwr ]pft hy Coronado in his ad vance and Chichilticale, bet\\-een longitudes 10::JO and 
110°. This is, accordiug to the hest maps, about the distance between the Sonora Rivl'l· 
and the Gila., called Nexpa by the chronicler." (American ReYiew for November, 1f:l4tl, 
p. 6.) 
I cannot agree with Mr. Sqnier in the foregoing statem<>nt, for the reason that the 
<listmtce betw1·en the Sonora. Hiver and the Gila, according to the latest map issned by 
the Engine('r Department of the Army, is not 120 miles, bnt as m11.ch as 290 mil'.:ls; and, 
tlH•refon·, ns many as eight or ten da_vs' journey instead of four. 
""'f Castaileua's Relations, Ternaux Cornpans, p. 160. 
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Now this certainly shows that Castaiieda believed Chichilticale was 
situated at the head of the Gulf of California. Bat according to Coro-
nado's report to the viceroy l\Iendo9a, this assuredly was not tlJe case; 
for he says: "I departeu for the Corazones, ami al \Yays kept by the sea-
coast as near as I could judge, and, in very ueed, I still fouud myself 
the farther off, in such sort that, when I arrived at Chichilticale, I fonnd 
myself ten days' journey fi'on~ the sea, and the father proyincial (.!Uarco8 
de Ni9a) said that it was only five leagues distant, and he had seen the 
same. We all conceived great grief, and were not a little coufouude(l, 
when we saw that we found eYerything contrary to the information 
which he had given to your lordship."* 
In another place1 Coronado states that the transport ships which had 
been ordereu to cooperate with him hau been seen off the country of 
the Corazones, on their wa,y to ''discover the haven of Chichilticale, 
which l\Iarcos de Ni9a said was in fiYe-and-thirty degrees.'il 
The above certa.iuly shows that both De Ni<;a and Castaiieda at 011e 
time believed that Obicbilticale was at the head of the gulf; and it i:-; 
probable that both the transport vessels and army were ordered to 
corumunicate with each other at that point, on the supposition that it 
\Yas a good harbor, an<l \YOuld be a capital place for a depot of supplies 
before entering the great desert. But Uorouado's report effectually 
explodes the idea of its baYing been found such; and if there were more 
proof on this poiut needed, it ·would appear in the fact that neither 
Alarcon, who commanded the fleet and passe<l up the Colorado Hiver in 
search of the army, nor l\Ielchior Diaz, wlw explored all around the 
head of the gulf, make any mention of haviug seen the place, which 
they most assuredly would haYe <lone had tbey passed anywhere near it. 
But where was tlJe exact location of Chicllilticale f Iu my opinion it 
was ou the Rio Gila at Ca.sa Grande, in. latitude 330 4' 21" nortll, antl 
longitude 1110 451 west from Greenwich, and the followiug are my 
reasons therefor: 
It is distinctly stated by Castaneda that tlle place was marketl by a 
Casa Grande, which, though then in ruius on account of haYing been 
destroyed by the natives, had eYident1y been used as a fortress; that it had 
been built of red earth, and was evidently the work of a civilized people 
who bad come from a distauce.t 
Now, the first ruin to be seen on the Gila, a.scending it from its month, 
and the only one along its vdwle course which bears any resemblance 
to that mentioned by Castaiieda, and of which we have any record, is 
that described by Father Font, who, with Father Garces, saw it in1775, 
* IIaklnyt's Voyages, Yol. iii, p. 448. tibid . 
.j: Castaftecla's HeJations, pp. 40, 161, 162. 1\fr. Morgan, in a foot-note to his paper 
before referred to, says: "There is no rnin on the Gila, at the preilent time tllat answeril 
the aboYe description," and seems to luwe come to this conclusion. because Captain A. 
R. Johnston, United States Army, in his jourual, (U. S. Bx:. Doc. No. 41, 11:341:3, p. 596,) 
sa,ys, "The house wa~; bnilt of a sort of white earth al1<1 pebbles, prolJably containing 
lime." Emory merely sa)--s, '·The walls were formed of layers of mud," (Thirtieth Con-
gress, First Sessiou, Ex. Doc. No.7, p. 82;) an<l Bartlett in his Persona,l Narrative, p. 
~72, informs us that" The walls ~ue laid "·ith largo square blocks, and the material is 
the mud of the valley mixed with gravel." 
Mr. N. II. Hutton, civil engineer, assistant to Lieutenant Whipple, in his explorations 
for thP Pacific Railroad in 185:3-'54, aml at present my assistant, assures me that he has 
seen the locality and the ruins, and that the Casa had evidently been built of the earth 
in the vicinity, which is of a reddislJ color, though in certain retlections of the same tllc 
building appeared whitish, on account of the pebbles coutained in the mass. Castaii.ecla 
in his Relations, p. 41, says: " Cette maison, construite en terre rouge;" a,nd p. 161, 
"La terre de ces pays est rouge." In addition, whu.t more natural than that 
Emory and Bartlett, finding the color of the building nothing ditl'erent from that of the 
soil in thR.t region, should fail to say anything about it f 
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on their journey to 1\fontere,v and the port of Sau Francisco, aud which 
same ruiu waR subsequently visited and described by Emory;of the Corps 
of Topographical Engineers, in 184 7. 
Father Font's description of it is as follows: 
"On the 3d of October, 1775, the commandant ordered us to halt, in 
order that we might visit the Oasa Grande, known by the name of :l\1onte-
suma, situated one league from the H,io Gila. We were accompanie<l by 
some Indians, and by the governor of Uturituc, \Yho related tons on 
the way the tradition he had received from his ancestors about tlli~ 
house, some of the particulars of which are doulJ.tless fabulous and others 
again true. 
"The latitude of the locality we found by au observation of the sun to 
be 3;no. 
"Tlu~ CasaGrande, or palace of l\Iontesuma, must have been bnilt fise 
hundred years previously, (in the thirteenth century,) if we are to bc1ieYe 
the accounts given by the Indians; for it appears to 'baYe been con-
structed by the l\fexicans at the epoch of their emigration "·hen tlw 
de·dl, conducting them through di1fercnt countries, led them to the 
promised land of Mexico. Tlw house is seYenty feet from north to Routh, 
and fifty from east to west.* The interior walls are four feet in thick-
ness; they are well constructeu ; the exterior \Yalls arc six fept thick 
The edifice is constructed of earth, in blocks of <lifferent tbickm's;-;;, aud 
has three stories. We found no traees of stairwa,ys; we think they 
must lmYe been burnt \Yhen the Apaches burnt this edifice.''t 
Emory's description, eYhlent1y of this same lmilding-for the old maps 
place :Father Font's Uasa Grande on the H,io Gila, juRt above the Pima 
Yillage, where Emory locates it-is as follows: "About the time of 
noon halt, a large pile which seemed the \York of human halHls waR 
seen to the left. It was the remains of a three-story mlHl-hom:K' sixt~­
feet square, pierced for (loors and wiudo\!'S. The whole interior of the 
house had been burnt out, and the walh" much defaf'eu.'~t 
This description, though not precisely the same as tllat of Fatlwr 
Font, yet is sufficiently close, with tlle identity of the location, as before 
stated, to show that they ha\'e reference to the same building·. Now, 
Emory by astronomical observation found the latitude of his camp near 
this locality to be 330 4' 21" north, and the longitude west from Green-
wich 111° 45'. Father Font, as before ,'tated, determined the latitude 
to be 3:3~0 ; but as Emory had, without donlJt, far superior instrmnent~, 
his results are preferable. 
\Ve have then, as we thiuk, located Chichilticale, the site of Casa, 
Grande, "'ith a strong probability of accuracy. 
On Squier's map of Coronado's route, accompanying the paper on this 
subject, in the Transactions of the Ethnological Society, (vol. 2,) by 
Albert Gallatin, I perceive that he makes Coronado to cross the Giln :it 
Casa Grande, but places the latter in about latitude 32o, and longitude 
110°; or more than a degree too far south, and nearly two degrc•es too 
far to the east. Now, as Jmw Jaramillo, who was a captaiiL in Coro-
nado'H expedition, in his repnrt says the general direction of their marf'h 
from Chiehilticale to Cibola wa~ northeast,§ a liue drawn from Ch.icltil-
·~ A Bpauish ioot is 0.91319 of an Engli~,;h foot. (United States Onlnauce 1\Iannal.) 
t Jonmal of Father Font, of the college of Santa, Cmz of Qw·retaro. App('JHlix YII, 
Castmwda's Hebtions, 'fcrnaux Comptms' Collections; see nl~;o Ilnmoohlt's "Essai Poli-
tiquo Sm b Uoyanme de la Nouvelle Espagno,n e(lition of 1811, pp. :3G, 297, 2Jc'. 
+Notes of a militn,ry reconnoissrtnce made by Licnteuaut Colonel \Yilham II. Emory, 
Corps of Topographical Engineers, in 1846-'47, with the atlYance guard of the Army of 
the West, p. 8~. 
9 Juan Jaramillo's Relations, Ternaux Compans' Collections, pp. 368, 369. 
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ticale as laid. down on Squier's map would not pass through or near 
Zulli, (identical on his map with Uibola,) as it ought to do, but more 
than a degree to the east of it; thus showing his position of Chichilticale 
manifestly erroneous. 
Again, on the map ofR .. H. Kern, accompauying "Schoolcraft'sllistory 
of the Indian Tribes of~ orth America," he places Chichilticale as mnch 
as a degree of latitude south of the Gila and iu longitude lOf)o . . llere 
again a line in a northeast direction from Chiehilticale would not pasR, 
as it should, through or near Zuili, (iuentical, as Kern think~, with Oi-
bola,) l>ut more than t"To degrees to the eastward of it; which <1lso sllow..; 
his position of Uhichilticale yery considerably out of the way. 
The next and most important inquiry is the exact locnlity of the seven 
cities of Oibola. Gallatin, Squier, \Vhipple, Professor Turner, aml 
Kern, have contended for Zulli and its vicinity. Eu10ry and Abert, on 
the contrary, have conjectured that Oibolletta, l\Ioquiuo, PQjnati, Covero, 
Acoma, Laguna, and Poblacon, a group of \illages some ninety miles to 
the eastward of Zulli, furnish the site of the seven cities; a,ll(ll\1r. Mor-
gan, as I have before remarke(l, in the North American Heview for 
April, 18Gf), has advanced the idea that the ruins on the Chaco, lying 
about one hundred miles to the northeast of Zulli, more completely 
satisfy all the conditions of the problem which the accounts of Coron-
ado's journey, by Oastaiieua and others, have imposed on its solution·. 
To my mind, however, Zuiii aud Yicinity present the strongest elaiws 
to lJeing considered the site of the renowned cities, and the following 
are my reasons tllerefor: 
It seems that from Chiebilticale to Uibola, the direction of Oorouado~s 
route, acconliug to Jaramillo, as before remarked, was general1y north-
east; all(} from Uoroundo's report I extract in relation to it a~ follows. 
He is speaking of what occurred after leaying Chichilticale: 
"I entered the confines of the desert, on Saint Jolln's <lay m·e, and to 
refresh our former travels we found no grass, but worser way of moun-
tains and bad pm;sages where \Ye had passed alrea(]y; and the horses 
being ti~·eu were greatly molested therewith; but after \Ye had passed 
these thirty leagues; we found fresh riYers and grasses like that of Cas-
tile, &c.; and there was flax, but chiefly near the bauks of a certain 
river, which, therefore, \Vas called El Hio <lel Lino, tllat is to say, the 
River of Flax; we found uo Indians at all for a day's traYcl, lJut after-
ward four Indians came out unto us in peaceable manner, ~aying that 
they were sent over to that desert place to signify unto us that we were 
welcome."* 
In addition to the foregoing, Oastaileda says that in al)out fifteen days 
from Uhichilticale "they arrived within eight leagues of Cibola, upon 
the banks of a river they called the Venm:jo, ou aceount of its red 
color;"+ and Jaramillo remarks that in approaching Cibola "always in 
the same direction, that is to say, toward the northenst, they came to a 
river which they called. the Vermejo ;· that here they met one or t\YO In-
dians, wh·o afterwards they recoguized as belouging to the first village 
of Cibola; and that they reached this Yillage iu two days ii·olll \Ybcu 
they had first lllet them.":j: 
Now let any one consult the accompanying map, reduced from the 
latest map issued by the Engineer Bureau at Washington, and he \Vill 
* Ha.kluyt's Voyages, vol. iii, p. 449. 
t Castaflecla.'s Relations, Ternuux Comp:ms, p. 41. 
+Jaramillo's Relations, Tenmnx Compuns, p. 369. 
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see that Coronado's march from Chichilticale, or Casa Grande, must 
have been very nearly coincident with the route there laid down, to wit: 
in a northeasterly direction for the first thirty leagues, over the rough 
Pinal and :Mogollon Mountains; and then getting on the tribntaries of 
the Rio del Lino, or Flax River, where he found" fresh watt>r an<l grast:les," 
he followed up the Verm~jo, or Colorado River, to Cibola, or Zufii of the 
present, day and its vicinit~T' where ht> found the other six citie~. The 
distanee by such route, between Chicllilticale and Zulli, would be about 
270 miles, or require a journey of 17 .days, (about 1G miles a day,) the 
time it took Coronado to accomplish the distance;* and this ap;rees quite 
exactly with the distance, 80 leagues, as given by Castafieda. in another 
placet 
Bnt there are other good reasons for this belief. At Zui1i and its 
vicinity, within a distance of about 1G miles, and on the bankR of the 
Verm~jo, or Little Colorado Hiver, there are tile ruins of as many as six 
pueblos, all showing that they were once built of stone; and, with the 
present Zulli, doubtless they constituted the "seven cities" whieb, ai~­
cording to Coronado, were all built "within four leagues tog<'ther," t 
and according to Uastafie<la were "situated in a very narrow vallPy be-
tween des Jllontagnes Escarpees,"§ which may have been iutt>n<led to 
mean eRcaqw<l mesas, or table lands, just as clo:::;e in the valley of the 
Little Colorado or Hio de Zufii. 
In my report to the Chief of Topographical EngineerR of my recon-
noissanee m~ule in the Navajo eouutry in 1848, I described Zui1i as fol-
lows: "The pueblo of Zulli, when first seen about three miles off, appeared 
like a low ri<lge of brownish rocks, not a tree being- visible to relh'Ye 
the nakedness of its appearance. It is a pueblo or Indian town, situ-
ated ou the Hio de Zufii. This river at the town has a bed of about 150 
yards wide. The stream, however, at the time lVe saw it, ouly showed a 
breadth of a bout G feet and a depth of a few inches. It is represented 
as runuing into the Colorado of the West. The town, like Santo Do-
mingo, is l.milt terrace-shaped, each story-of which there are gf'nerally 
three-as you ascend being smaller laterally, so that one story nuswers, 
in fact, for the platform of the one above it. It, however, is far more 
compact than Santo Domingo, its streets being narrow, and in places 
presenting tbe appearance of tunnels or covered ways, on account of 
the houses extending at these places over them." II 
Lieutenant A. W. vVhipple, Corps Topog-raphical Engineers, visited 
the ruins of old Zuiii in 1853-'541 and in his report to the 'Var Depart-
ment thus describes the place: "We took a trail and proceecled two 
miles south to a deep calion, where were springs of water. Thence by 
a zigzag course we led our mules up the :first bench of ascent. A.t vari-
ous points of the ascent, where a projecting rock permitted, were barri-
cades of stone walls, from which, the old man (his guide) told us, the.v 
had burled rocks upon the invading Spaniards. Having ascended, 
according to our estimate, 1,000 feet, we found ourselves upon a level 
surface covered with thick cedars. The top of the mesa, was of an irregti.· 
lar figure a mile in width, and bo·unded on all sides by perpendicular 
cliffs. Three times we crossed it, searching in vain for the trace of a 
*Castaneda's Relations, pp. 41, 42. 
t Ibi<l., p. 18o. 
:j: Coronado's Relations, Raklnyt, vol. Hi, p. 451. 
§ Castaneda's Relations, Ternaux Compans, p. 16-!. 
II "Jonrnal of a. military reronnoissance from Santa Fe, New Mexico, to the Navajo 
country, made by Lieutenant J. H. Simpson, Corps of Topographical Engineers, in 
1849," United States Senate Ex. Doc. No. 64, 31st Congress, 1st session, 1850; also, Lip-
pincott, Grambo & Co., Philadelphia, 1852, pp. 89 and 90. 
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ruin. But the guide hurried us on half a mile further, when appeared 
the ruins of a city indeed. On1mbling walls from 2 to 12 feet high were 
crowded together in confused heaps over se,Teral acres of ground. Upon 
examining the pueblo we found that the standing walls rested upon 
ruins of greater antiquity. Tile primitive masonry, as well as we coulcl 
judge, must have been about G feet thick. The more recent was uot 
more than a foot, but the small sandstone blocks had been laid in mud 
mortar with considerable care."* 
Now I take it that old Znili was one of the se\Tcn towns of Oibola, 
called by Coronado "Grenada, because it was somewhat like to it ;"t aml 
the narrow u:inding way, ascending which Coronado was knocke<l down 
by stones hurled upon him by the defenders,t was in all probauility the 
very zigzag approach mentioned by "\VIJipple, and. \Yhich he f(mud so 
difficult in Jris ascent to the ruins. 
The other six towm; were doubtless Zulli of the present da:r, awl tiJose 
whose ruins are to be found still further up the valley, showing tlley Lad 
been stone structures, and to 'Which I refer in my report before referred 
to, as follows: "vrithin a few yards of us are several heaps of pueblo 
ruins. Two of them, on examination, I found to be of e1liptical shape 
and approximating 1,000 feet in circuit. The buildings seem to haYe 
been chiefly built on the periphery of an ellipRe, having a large interior 
court; bnt their style and the details of their construetion, except that 
they were lmilt of stone and mud mortar, are not distingub;hable in the 
general mass. The areas of each are now so overgrowu with bushes f!nd 
so much commingled with mother earth as, except 011 critical examina-
tion, to be scarcely distinguishable from natural mounds. The usual 
quantum of pottNy lies scattered around. The go,~ernor of Zulli, who 
is agaiu on a visit to us, informs us that the ruins I have just described, 
as also those seen a couple of miles Lack, are the rnins of pueblos which 
his people formerly inhabited."§ 
~here are other circumstauces of relati,Te position of places which 
point most indubitably to the same conclusion, as follows: Oastafieda 
repeatedly states that Oibola was the first inhabited province they met 
going north from Ohichilticale r~fter they crossed the desert, and the Zm;t 
they left before entering the desert on their retnru to l\lexieo. Again, 
the present relations to each other of Zuili and the .Moqni Pueblos, aud 
also of Acoma, perched on a mesa heigltt, in regard to courses and (lis-
tall(~es tally sufficiently near witll the positions of Tnsayan and Acnco, 
as given by Oastafi.eda, namely, the former northwest 25 leagues aud tiJe 
latter east\Yardly five days' journey from Uibola,ll as to make it exceed-
ingly probable that they refer to the same localities.1j Agaill, Castailedo, 
*Pacific R. R. Reports, vol. iii, pp. 68, 69. 
t Coronado's Relation, Hakluyt, Yol. iii, p. 451. 
t "Cepen<lant il fallait s'ernpn,rer de Cihob ce f!Ui 1i'etait pas chose facile, car le 
chemin qni y coudnissat etait etroit et tortnenx. Le General fnt renversc <l'un coup 
de pierre en montant a l'assaut," &c. Castaiieda's Rel., 'l'ernaux Compans, p. 43. 
§Simpson's Journal, p. 97. 
II CastafiN1a's Relations, Tcrnanx Compans, pp. GS, 67, 68, ()9, 70, 165. 
~Mr. Sqnier, in his article on the" Ancient l\lonnments, &c., in New Mexico and Cnl-
ifornia," in American Review for November, ltl4tl. gives the position of Tusa~·an from 
Cibola, both northeast and northwest from CilJola, and on his map accompanyiug Mr. 
Albert Gallatiu's Essay, in the Transactious of the American Ethnological Society, \'Ol. 
ii, he has placed it in a northea~t direction. The proper direction of Tm;ayan with 
regard to CilJola is northwest. (See Castafieda's Relations, Ternaux Compans, p. 16G.) 
Besides Cardenas, on his way to the Rio del Tizon, (Co~orado,) passed through Tnsa.ran 
from Cibola, which makes it all very natural if Tusayan was northwest from Cibola, 
but would not be so if it was in a northeast direction, as laid down on Mr. Squier's 
map. 
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describing the valley in which the province of Cibola was situated, 
says, "Oest une vallee tres-etroite entre des montagnes escarpees,"* 
which is an exact description of the valley of the Rio <le Zulli, confined 
between the walls of inclosing mesas. Again, Jaramillo says " this first 
village of Cibola is exposed a little towards the northeast, aud to the 
northwest in about five da;p;' journey is a province of seven villages 
ealled Tu~ayan:t all of which exactly accords with the exposed position 
to the uortheast of old Zuili and correctly describes the locat~ou of the 
~Ioq ui Yillages. 
But there is some historical evidence upon this point which I consider 
irrefragable, and whieh certaiuly makes Zuili and Cibola identical placeR. 
Hetel'l'ing to the relation of a notable journey made b.Y Antonio de 
Espejo to New :l\Iexico, in 1383, to be found in llakluyt's Voyages, vol. 
iii, I rea<l as follows: "Antonio de Espejo also visited Acoma, Hitnated 
upon a high rock which was about 50 paces high, having uo other eu-
tranee but by a ladder or pair of stairs hewn into the same rock, whereat 
our people mar'{eled not a little. 
•' Twenty-five leagues from heuce, toward the west, the~T came to a 
certain province called by the inhabitants themselves Zuili, an<.l by the 
Spaniards Cibola. containing a great nnniber of Indians, in wllich pro-
vince Francisco Vasquez de Coronado had been, and had erecte~l many 
crosses and other tokens of Christianity, which remained as yet stand-
ing. il('re also the.v found three Indian Christians who had remained 
there ever since the said jouruey, whose names were Andrew de Cnlia-
can, GaRpar de 1\fexico, and Antonio de Guadalajara, who had about 
forgotten their language, but could speak the country speech very well; 
howbeit after some small conference with our men they em:;ily under-
stood one another." 
Now turning to Castaneda's Relations, where he giv·es an account of 
Coronado's leaving the conutry for Mexico, I find his language as fol-
lows: "\Vhen the army arrived at Cibola it rested for a while to pre-
pare itself for entering the desert, for it is the last point inhabited. \.Ye 
left the country entirely peaceful; there were some Indians from l\lexieo 
who bad accompallied us, who remained there and esta,hlislwd them-
selves, (il y ent meme quelques Iud.iens dn l\Iexique qui nons antient ac-
compagnes, qui y resterent et s'y etablirent."):j: 
Thu~ it would seem that the.two accounts of Espejo an<l Castaile<.b, 
correspoml in such a manner as not to leaYe the slightest donht that 
Zuili of the present day is the Gibola of old. Coronado left three of 
his meu at Oibola, who were found living there by Espejo and his party 
forty years afterwards; they had nearly forgotten their original lan-
guage, but yet, after awhile, managed to conyerse with some of Espejo's 
men. \Vhat more natural, and, iudee<l, what could haYe been a. more 
interesting topic than the a<h·entures of these men; how they got there, 
and IYhdlH'r ~ufii was Yt>ritably tlw far-famed Cibola that forty years 
previou:1y had excited the attention of the governments of New and 
Old Spain. Esp~jo, under the above circmnstances, reporting that the 
Spaniards called Zulli Cibola~ certainly could not have meant auythiug 
else than that he belieYed it yeritably ~uch. I ha\'e been thus particu-
lar with regard to this testimon,y, for the reason that 1\Ir. :Morgan, in his 
essay already referred to, while he reeognizes the historical fact of Zniii 
ha-ving- been call<.>d by the Spaniards, according to Espejo',' Helations, 
Cibola, in 1583, yet ad ,·ances the idea that after all Espejo probably 
* Castaftecla's Helations, Tt>nums: UompanR, p. 164. 
t Jaramillo's Ht>latiom;, Ternanx: Cornpaus, p. :~70. 
t Castaileda's Helations, Terua.nx: Compaus, p. :217. 
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only meant to express that they conjectured the places to have been 
identical. 
It seems to me that what I have advanced sllows most conclusiYelv 
that Cibola and Zuiii are identical localities, and nothing could be sai(l 
which could make it more certain; but as corroborative I will state that I 
have seen in the excellent library of the Peabody Institute of Baltimore 
an atlas entitled "The American Atlas, or a Geographical Description 
of the wh.ole Continent of America, by 1\Ir. Thomas J effi'eys, Geogra-
pher, published in London in 1773.'7 On map No. 5 of this atla~, .Znili 
and Uibola are laid down as sy11onymous names, and the locality tlley 
express is precisely that of Zulli of the present day.* Again, ou a 
''Carte con tenant le Hoyaume du 1\lexique et La Floride," in the "Atlas 
Historique par l\1r. C * * * aYec des dissertations sur l'Bistoire tle 
chaque etat par Mr. Guencleville," tome vi, secolld edition, published 
in AmRterdam, 1732, I find Znili and Cibola lai<l <lown as synonymous. 
In this connection it may be proper to observe that the claims of Ci-
holetta, Moqnino, Poqnate, Covero, Acomo, Laguna, Poblacon, as con-
jectured by Emory aud Abert to be regarded as the seven cities of 
Cibola, are rendered nu1I by the historical fact mentioned b.v C~1staileda, 
and also by Jaramillo, that tbe latter were situated on the Hio Verrnt;jo, 
(I.~ittle Colorado,) a tributary of the Southern Ocean;+ and also by the 
cirenmstance of the army, on its march from Cibola to Tiguex, finding 
Acnco (Aeoma) five days' journey to the eastward of Cibola, a circum-
stance which could uot ltave taken place if Acnco (Acoma) were oue of 
the seyen towns of Cibola. Besid.~s, Castaneda, in enumera,ti11g the 
villages dispersed in the country, expressly states that" Cibob is the 
first province; it contains seven villages; Tusayan, se\ren; the rock of 
.Acuco, one, &c.,t which certainly shows that Cibola and Acueo were 
separate and district provinces. 
Again, I cannot see that the ruins of the Chaco, which, according to 
my explorations and reading are probably, on acconut of their extent 
and character, the most rcmar·kable ;yet disnovered in this country, have 
any jnst claims, as advanced by .l\Ir. l\Iorgan, to be regarde(l as the seYen 
cities of Cibola ;§ first, for the reason that they ar(' Hot, as required by 
historical fact, situated on the Rio Vermejo, (Little Uqlorado,) or tribu-
tary of the Hio del Lino or Flax Hiver; second, they are not so situated 
with regard to the desert passed m·er by <Jorouado, between Uhichilticale 
aud Cibola, as to make the statement of Uastaiieda pertinent, to wit, 
*On this aJlas is indorse<l, "Presented to the Peabody Iustitnte by the lion. John P. 
Ken neely, April1, 1864. By this map the great <lispnte botween Daniel 'V ebster and 
Lonl Ashlmrtou (relating doubtless to the northeastern boundary) was settled, particu-
larly by wap No.5." 
t" All the streams we met, whether rivulet or river, as far as that of Cihola, ancl I 
believe even one or two dnys' journey beyoncl thnt place, flow in the direction of the 
South Sea, (Mer dn Sud,) meaning the Pacific Ocean;" further on they flow to 1lle 
North Sea, (~Ier dn Nord,) meaning tbe Gulf of )fex.ico. Jaramillo't> Relationti, Ternaux 
Compans, p. 370. 
t Castaneda's Relations, Ternanx Compans, PP- 181, 182. 
§Mr. Morgan, in his essay before referretl to, having alr('ady made large ('x:tracts 
from my report to the Government on these ruins, I deem it unnecessary to Ray any-
thing further in relation to them than to refer the reader for a more dctaile!l account 
to said report. It is interesting, however, in this connection, to present tlw followiug 
extract from Humboldt's Essai sur lc Royn,muc de la Nouvelle Espagne, pag<> 3U:J, which 
in all probnbility refers to these very ruins: "The Itl(lirtn tmditions inform us that 
some tweuty leagues to the north of Moqui, ncar the embouchnre of the ri \'er Zejnannes, 
n river of the Navajos, was the first resting place (clemeurc) of the Aztecs after their 
sortie from Atzlnn-'' Again, on his map accompanying his Essay, is the follo\Ying: 
"Premiere demeure des Azteq nes sortes d' Atzlan en 1160, tmdi tion in certniue," in lon-
gitude nbout 112°30", latitude 37°. 
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that Cibola was the first village to be met after passing the desert, and 
the last ou leaving the peopled country to enter the desert; third, the 
1\'Ioqni villages (undoubtedly Tusayan) do not lie to the northwest from 
the ruins on the Chaco, as they should do if these ruins were Oibola, but 
to the south of west; aud fourth, the route of Corouado's army <>nstward 
from there to Cicn};e, by the way of Acuco, (Acoma,) would ltave been 
ver~ mnch and unnecessarily out of the proper direction. 
Mr. l\Iorgan mentions the fact stated by Uoroundo, that it was eight 
days' jonrney from Cibola to the buffalo range. This, he thinlu;, could 
very well have taken place ou the hypothesis of the Chaco ruins having 
lJeen Cibola, but not on the supposition of Zufii. But the distance of 
Zufii to the buffalo range east of the Rio Pecos is only about ~30 miles, 
which certainly could have been reached in eight days, allowing the 
journey he does of 30 miles per day. 
But to proceed with the principal points of Coronado's route eastward 
from Cibola. I believe that all authorities who have written on the 
subject concur in the view tlwt the Pueblo of Acoma, or IIak-koo-kee-
ah, as it is now called in the Zulli language, is the Acuco of Colorado.* 
The singular coiucidence of the names, as well as the striking resem-
blance of the two places as deseribed by Castaileda and Abert, which 
cannot be predicated of any other place in New l\1exico, together \Vith 
the proper relation of Acoma to Zuni (Uibola) and Tiguex. iu distance 
and direction, all show that they are identical. t 
The m'xt prodnce Coronado entered was that of Tignex. ~rr. Gallatin 
has locnte<l it on the Hio Pnerco. His language relating to it is as fol-
lows: '·HaYing compared those seYeral accounts (of Cnstafieda and 
Jaramillo) with Lieutenant Abert's map and with that of l\Ir. Gregg, it 
*Lieutenant Colonel .J. II. Eaton, Uuited StnJes .Army, writing on this snhject, rC'-
mark:s: ''In n, con v<lmation with a very intelligent Zniii Iudian I lcanwd 1 hat the 
Pnc·ulo of Acoma is callecl in the Zniii tougne Ilak-kop-kec-ab, (.Acnco,) mHl this 11ame 
was g·ivf'n to me withont any previous c1nestion which wonld RervP to giYe him an ide:~ 
of this old Spanish name. Dom; not tlds, thereftH'C', seem to give color to tlw h,qwthcsis 
that Coronaclo's army passed by or near to tlw present, Pueblo of Znfii, an<l tlmt it was 
their Cihola, or one of tho seven cities of Cibola." (Schoolcraft's History of the Indian 
Tribes of the United States, part iv, p. 220.) 
t The following grapltie de::;cription of Acoma it; from Abert: "After n. jonrney of 15 
mile~ 've arrived at Acoma. High on a, loft.v rock of sandstone, such as I have d<>-
scril>L'd, i-iit:-; the city of Acowa. On the uortheru side of the rock the rude boreal hlasti'l 
han' lwaped np the saud so as to form a practical ascent for some distance; the rest of 
the wa;v i:-; throngh solid rock. At one place a singular opening or narrow 'va.v is 
formt'd lwtween a hnge, sqnnro tower of rock and the perpeudicnl::tr fact' of the cliff. 
Then the roacl will(lS romullike a spiral stainn1.y; and the Indians have, in some 'Yay, 
flxecllogs of wood in the rock, radiating from a vertical axis, like steps. These atfonl 
footholtl to man a1Hl beast in clambering np. 
"'Y<' wprc constantly meeting and passing Indians, who had their '1mrros' laden 
'vith pt>:tcht>s. At la::;t we reache<l tho top of the rock, which was nearly b\·cl, aml cou-
tains abont Rixty acres. Here wo saw a large cllnrch, and several continnom; hlocks of 
builllings, containing Hixty or seventy houses in each block. (The wall at the sic1e that 
faced out ward was m1broken, and had no windows until. near the top. The houses 
were three~ Rtories high.) In frout, each story retreated back as it ascendt·d, so as to 
leaxe a platform along the whole front of the story. These platforms are gnanle<l hy 
parapet wallH about three feet high. In order to gain admittance you a~cend to tbo 
!:lecomlstor.v hy means of ladLlers. The next story is gaine<l hy the same means; lmt 
io reach the 'azotia,' or roof, the partition walls on the platform that separates the 
quarters of <liH'erent f:Mnilies hn.Ye been formed into steps. This makes quite n. narrow 
staircase, a;; the walJH are not more than one foot in width." (Report of Lieutenant .J. 
W. Abert, CorpR Topographical Engineers, of his exawination of New Mexico in the 
years 181()-'47, Ex. Doc. 41, 30th Congress, 1st 'session, pp. 470, 471.) 
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appea.rs to' me probable that the Tiguex country lay, not on the main 
Rio Norte, but on its tributary, the Rio Puerco and its branches, and 
that the river which the Spaniards called Cicuye, and on which they 
were obliged to bui}d a bridge, was the main Rio del Norte."* 
}fr. W. H. Davis, author of "El Gringo; or New Mexico and her 
People," published in 1853, takes the same view. 
Mr. Squier believes the Rio de Tiguex to have been the Rio Grande, 
and the Rio de Oicuye the Pecos, but locates Tiguex ou the Rio Grande, 
abo1-'e the mouth of the Puerco. Messrs. Kern and Morgan take the same 
view. 
According to my investigat.wns I believe the Rio Tiguex to haYe been 
the Rio Grande, and the Rio de Cicnye the Rio Pecos; but while I am 
willing to admit there are some grounds for the hypothesis that Tiguex 
was located on the Rio Grande abmw the mouth of the Pnerco, yet I 
think there are still stronger grounds for the belief that it was situated 
on the Rio Grande below that river. . 
Castaileda sayE1, "Thr~e days' journey from-Acuco (Acoma) Alvarado 
and his army arrived in a provinee which wns called Tiguex.':t 
Again, "The province of I'ignex contains twelve villages, situated on 
the banks of a great river in a valley about two leagues broad. It is 
bounded on the west by some mountains, which are very high and cov-
ered with snow. Four villages are built at the foot of these mountains 
and three others upon the heights."t 
Now, as Coronado and his army marched eastward§ from Acuco, 
(Acoma,) and they accomplished the distance in a three days' journey 
and then came to a large river, on the banks of which was situated the 
province of Tignex, it is clear tbat as the Hio Grande is the first large 
river to be met eastward from Acuco (Acoma) at a distanee varying 
from sixty to eighty miles, depending on the route taken, this was the 
great river referred to, or the Rio de Tiguex. 
The idea of Mr. Gallatin and Mr. Davis that the Puerco was tl1is river 
is, I think, entirely untenab1e, for the rea:;;on that this river in its best 
stage is only about one hundred and twenty miles long, and frequently, 
as I myself have observed, so dry that its existence could only be in-
ferred from its dry bed and the occasional pools of water to be met 
along its track. It certainly, then, could not with auy propriety be 
called a grea,t river, as the Rio de Tiguex was represented to be. 
In addition, we learn that the guides who eonducted the army back 
to Cieuye, on its return from its search after Quivira, declared that the 
Rio de Cicuye threw itself into the Hio de Tiguex more than twenty 
days' journey (or over four hundred miles) below where they struck it;"// 
which would have been an absurdity if the Tiguex were the trifling Rio 
Puerco, and the Cicuye the Rio Grande, as Mr. Gallatin supposed; but 
which is all very plain on the hypothesis that the '.riguex was the Rio 
Grande, and the Cicuye the Pecos. 
But where was the exact location of the province of '11iguex ~ 
It was certainly below Hemez and Quirix, (San Felipe,TI) for the chron-
" TransMtions Awerican Ethnological l::lociety, vol. 2, p. 73. 
t Castafwcla's Relations, Ternaux Compans, p. 71. 
:j: Castafw<la.'s Relations,· Ternaux Compans, pp. 167, 168. 
§ Ibid, p. 67. 
II Castaneda's Relations, Ternaux Compans, p. 135. 
~On the old maps, as also on Hmnboldt's, illustrating his "Nouvelle Hispagne," I 
notice the pueblo of San Felipe is laid clown as "S. Felipe de Cuerez," wbich I am in-
formed is its name at this day. Indeed, Gregg, speaking of certain pueblos in New 
Mexico, says, "those of Cochiti, Santo Domingo, San Felipe, and perhaps Sandia, speak 
the same tongue, tqougb they seem formerly to have been distinguisbed as Queres." 
(Commerce of the Prairies, 2cl edition, vol. i, p. 269.) 
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icier states that farther to the north (from Tigucx) is the province of 
Quirix, which contains seven villages; seven leagues to the northwest 
(wllich may mean fi'om Quirix or Tiguex) tllat of Hemez, which con-
tains the same number, &e.;* the text says, ''nord-est," but tllis is 
evidently a mistake, as tile oldest maps extant place Hemez where it is 
now- situated, on the Rio de Ilemez, to the west of the Hio Grande. 
TllC foregoing would seem to show eouclush-ely that Tig-uex was sit-
uated below (~ninx, and possibly, under one of the constructions giveu 
abov<', only seven leagues or twenty-four miles belmv- Hemez, which 
wonl<l place it on the Hio Grande just about the mouth of the Hio tle 
llemez, or about 80 miles above the mouth of the Puerco, ·where the 
authorities abm-e given have placed it. But yet the extract before 
given from Oastaiieda expressly states also that the "Province of Tig-
uex was ~itnate<l upon tlle banks of a great river (Rio de 'Tiguex) in a 
valley about two leagues broa<l, and bounded on its west by ~ome n'ry 
hi.a:h, snowy mountains," &c. Now, the only locality wbicb will answer 
this description is that part of the valley of the Rio Grande bounded on 
its west b.Y the Socorro J\fountaius, situated just belo"- the month of the 
Pnerco. These are the first mountains to be met in descending the ri \-er 
from Santo Domingo, or from m-en abo"'e that pueblo, (all the iuten;euing 
l1eights being merely table-lands and therefore not so elevate(l as to be 
termed suowy,) and they fi;x. the locality, in my judgment, as I have 
before stated, below the mouth of the Puerco. 
I haYe, therefore, on my map located the produce of Tignex on tbe 
Rio Grande below the Rio Pnerco, at the foot of the Socorro Mouutains, 
which bounds it on its west; and it is somewhat confirmatory of this 
position that on the map No.5 of "Thomas Jefii'eys' Atlas," before re-
ferred to as excellent. authority, I find Tigua, no doubt intended for tlw 
same place, or province, located in the valley of the Rio Grande, just 
\vhere I haye located Tiguex, namely, at the foot of the Socorro Moun-
tains. 
The next important plac~ in the route of Coronado from Tiguex was 
Oicuye. Oastailedo says: "After a journey of fiye days fi'om Tignex, 
A.lvarado (with his detachment of twenty men) arrived at Uicuyc, a 
very well fortified village, the houses of 'vhich are four stories high."t 
Again, "The armyqnittecl Tiguex on the 5th of l\1ay (1531) and took the 
route to Oicuye, which is twenty-th-e leagues distant.":j: Jaramillo states 
the <lireetion to have been '' northeast."§ In another place Oastaileda 
remarl~s that "Oicuye is built in a narrow valley, in the midst of moun-
taius covered with pines. It is traversed by a small stream, in which we 
caught some excellent trout."ll 
~ow, all this points, as I believe, to the ruins of Pecos, on the R.io 
Pecos, as the site of Oicuye, and in this I agree with l\fr. Squier and 
::\Ir. Kern. These ruins are iu a northeast (lirection from the supposed 
position of Tiguex, and about five days' journey distant. The.v are 
also situated in a narrow valley in tbe midst of mountains covered 
,,·ith pines, and the site is traversed by a small silvery stream, in which 
may be caught some excellent trout. I certainly know no other place 
that in so mauy respects suits the conditions of the problem; but the 
•; Castafleda\; Helutious, Ternaux Compans. 
t Castaneda's Relations, Ternaux Compans, p. 71. 
:j: Castaneda's Relations, 'l'eruanx Compans, p. 113. 
§Jaramillo's H.elations, Tcrnanx Compans, p. 371. 
II Castafieda's Relations, Ternaux Com pans, p. 179. 
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following remark by Castaneda bas perplexed investigators not a little. 
He remarks, that "when the army quitted Uicuye to go to Qui\'ira \VC 
entered the mountain~, which it was necessary to cross to reach the 
plains, and on the fourth day we arrived at a great rh-er, very deep, 
whieh passes also near Oicuye. It is for this reason we call it the Hio 
de Uicu;yc. llere we were obliged to build a bri<lge, which amploycd n~ 
four (lays."'., 
The diiliculty has been to reconcile the statement that Cicnye (Peeos) 
was on or near the Hio Oicuye, and yet that after four days' tnwel, after 
traversing some mountains in a northeasterly direction, tlw army sbould 
again cross it by a bridge. 
Now all this, I think, can be reconciled by reference to the accom-
panying map, on which will be found laid down a route, the only one, I 
believe, existing at the present (lay between Pecos and Las Vegas, on 
the Hio Galliuas, a tributary of the Hio Pecos, "·here the plains com-
meuce.t Tho general directiou of the road is nortbeast. It tnwerses 
some vt·r~- rongh mountains, and the distance between tllC two places is 
about fifty miles, which might have necessitated, considering the rong'l.l-
JWRS of the route, a journey of four days, as the eonditious require. Be-
sides, the Galliuas is liable to be flooded from the melting- snow::; of tlw 
neighboring sierras in the mouth of l\lay and fore-part of June; tl.lis 
naturally would make necessary at sucll times a bridge to cross it. 
Emory, speaking about Las Vrgas and its vicinity> says: "As we emerge1l 
fi·om the hillH into the valley of tlw Vegas, our eyes were greeted for 
the first time with wa,'ing corn. The stream (the Gallinas) was flooded, 
and the little drains by which the fields were irrigated full to the brim.'~+ 
1\'[y i(ka is, tllen, that this stream bei11g a trilmtary of tile Pecos aud 
larger than the latter at Uicuye, (Pecos,) it was, iu all probability, 
called for those reasons the Hio de Oicuye, though the place lJy this 
name was situated distant from it on anqtller ·branch of the same riYer, 
'-vhere the ruius of the Pecos village are now to be seen. 
I "-ill ah;o state, as strongly coutirmatory of this location of Oicnye, 
that on· map No. 5 of the "Ameriean Atlas, by Thomas Jefli.'t',YS, pnb-
lislJed in 1773," twice before referred to, I find laid down, iu alJont the 
present loeality of Pecos, a place uamed "Sayaque,'' 'vbich might well 
answer for Uicuye. 
But where was QuiYira f "the last'' (place,) as Oastaileda remarkR, 
'' which was visited by Coronado." 1\1r. Squier, on his map, before re-
ferred to, bas the route pursued by Coronado lai~l down a::; ex.teiHling 
indefinitely in a northeastwardly direction, from Uicnye (Pt'eos ;) but 
still, iu bis essay before referred to, says "there is no doubt that Vas-
quez Coronado penetrated, in 1541, to the region of Gran Quivira, YiR-
ited an<l tlescribed lJy Gregg;"§ that is the QniYira which on modern 
maps is laid (lown in latitude about 34° uorth, and longitude lOGO 'rest 
fi.'om Grcerndch, or about 100 miles directly south from Santa Fe. Lien-
tenant Abert and 1\lr. Kern have expressed the same thing; the lntter 
locating Coronado's route, not in a northeast direction ii'om Cicuye and 
exteiHliug- about six hunilrecl miles, as required by the sbt;emeuts of Gas-
taiieda, Uorouado, and Jaramillo; but in a direc.tion almost directly the 
'I'Ct'erse-at first eastwardly and then W<'Rtwardly, so as to make him 
reach a place called (~uivira in modern times, but located only about 
" Castai1<'<1a,'s Relations, Ternanx Compans, pp. llG, llG. 
t This is tl.w only route which for years has l>een taken by travelers aml others from 
J<'ort Leavenworth to Santa Fe. 
t Emory'H RC'port, Ex. Doc. No.7, 30th Cougress, 1st session, p. 26. 
~.American ReYiew for November, 11:548, p. 6. 
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one hundrecl miles from Cicuye (Pecos,) and that almost in a due south 
direction. 
Mr. Gallatin says, "Coronado appears to have proceeded as far north 
as near the 400 of latitude,"* in search of Quivira. 
Again, quoting from him, '' Qnivira, (referring to that about one hun-
dred miles south from Santa Fe, in latitude 34° and longitude lOGO,) about 
fourteen miles east of Abo, was not visited by Lieutenant Abert; lmt 
Hs position was correctly ascertained. It is quite probable that the 
place now known by that name was the true Quivira of the Indians at 
the time of Coronado's expedition. But whether deceived by a treach-
erous Indian guide, as they assert, or having not understood what the 
Indians meant, which is quite probable, the Spaniards gave the name 
of Qnivira to an imaginary country situated north and represented as 
abounding in gold." t 
Now, it is something singular that, Ro far as I have been able to inves-
tigate, there is no such place as Quivira laid down on the old maps in 
the locality where modern maps show it-namely, in latitude 340, lon-
gitu<le lOGO; but there is a place of that name laid down on these maps 
in about latitude 400, as high as Coronado locate<l it. I am therefore 
inclined to believe that at the time of Coronado's expedition the former 
Quivira did not exist. At all events, it is scarcely credible that such a 
remarkable city as Quivira was represented to be, so full of gold, &c., 
situated as it was, only about .fifty miles from Tigue.IJ, tile he~dquarters of 
Coronado's army, and which might have been reached in two days, could 
have been kept from the knowledge and observation of the army for 
about a year and a half, during all the time that a portion of it was sta-
tioned at that place. 
Again, Gregg, (an excellent authority,) speaking of the ruins of Qui-
vira, remarks: ''By some persons these ruins have been supposed to be 
the remains of an ancient pueblo, or aboriginal city. Tilat is not proba-
ble, llowever, for though the relics of aboriginal temples might possibly 
be mistaken for those of Catllolie churches, yet it is not to be presumed~ 
that the Spanish coat of arms would be fonnd sculptured and .painted: 
on their facades, as is the case in more than one instance."+ 
No; I am of opinion that Coronado and his army marched just as Cas-
taiieda, .Jaramillo, and Coronado have reported; tllat i~, generall.v in a 
northeast direction, over extensive plains, through countless herds of 
bufl'aloe::; and prairie-dog villages, and at length, after getting in a man-
ner lost, and fimling, as the chronicler sa,Ys, they had gone ~too far 
toward Florida,"§ that is, to the eastward, and had traveled from_ Tiguex 
for thirty-sm·en <lays, or a distance of between 700 and 800 miles, their 
provisions failing them, the main body turned back to Tiguex; and 
Coronado, with tilirty-six picked men, continued llis exploratibns north-
wardly to the 40° of latitude, where be reached a province which tile 
Indians called Quivira, in which he expected to find a city containing 
remarkable llouses and stores of gold, but which turned out to be only 
tile abode of very wild Indians, who lived in miserable wigwams, and 
knew nothing about gold. 
" Transactions American Ethnological Society, vol. ii, p. 64. 
t !hid., p. 95. 
t Gregg's Commeree of the Prairies, 2d ed., p. 165. 
§On some of the old maps Florida embraces all tho country west of·tbe Rio · Grande 
and south of Canada. See "Atlas Historique, par Mr. C " * *-· ; AY.ec des dit:Jscrtations 
sur l'Histoirc do Chaque Ctat, par Mr. Gnendeville," before alluded to, published in 
1732. Again, Ilakluyt remarks: "Tho name of :Florida was· at one time ap1>liecl to all 
that tract of territory which extends from Canada to the Rio >del Norte." (See his 
introduction to'' The Discovery and Conquest of Peru by D.on.Fernando deSoto," p.10.) 
22 s 
338 CORONADO'S MARCH. 
Coronado's description of the region is as follows: "The province of 
QuiYira is 950 leagues (3,230 miles) from Mexico. The place I have 
reached is the 40° of latitude. The earth is the best possible for all 
kinds of productions of Spain, for while it iR very strong and black, it 
is very well watered by brooks, springs, and rivers. I found prunes 
like those of Spain, some of wltich were black, also some excellent grapes 
and mulberries." * 
Jaramillo, who accompanied Coronado to Quivira, speaking of this 
region, says: "This country (Quivira) has a superb appearance, and 
such that I have not seen better iu all of Spain, neither in Italy nor 
France, nor in any other country where I have been in the service of 
your Majesty. It is not a country of mountains; there are only some 
bills, some plains, and some streams of vc1·y fine water, (des rnis-seaux 
de fort belle eau.) It satisfied me completely. I presume that it is very 
fertile and favoralJle for the cnlti\Tation of all kinds of frnits."t 
In another portion of ltis Relations he mention~ having crossed a 
large riYer, to which they gave the uame of " Saint Peter and Saint 
Paul," which very probably was the .Arkansas, and after tra\eling sev-
eral days farther north, they came to the province of Quivira, where 
they learned that there was a still larger river farther on, to which they 
gave the name of "Teucarea," and which I believe to have been the 
~Iissouri.:j: 
Again, Castaiieda says: "It is in this country (that of Quivira) that 
the Espiritu Sancto, (.Mississippi,) which Don Fernando deSoto discov-
ered in Florida, takes its source. * * * * The course of this ri\Ter 
is so long, and it receives so many aflluents, that it is of prodigious 
length to where it debouches into the sea, and. its fresh waters extend 
far out after you have lost sight of the land."§ 
.All the authors who have written 011 this subject seem to have 
discredited Coronado's report that he explored. northwardly as far as 
the 4:0° of north latitude; but not only do the reports of Oastaiieda and 
Jaramillo bear him out in his statement, but the peculiar description of 
the country as given by them all-namely, that it was exccedingl.lf rich; 
its soil black j tltat it bore, spontaneously, grapes and prunes, (wild 
plums;) "·as watered by many streams of pure water, &c.; aud the cir-
cnmstauce of this kind of country not lJeiug found anywhere in the 
probable direction of Coronado's route, except across the Arkansas 
and on the headwaters of the Arkansas lliver; all this, together with 
the allusion to a lflrge river, the "Saint Peter and Saint Paul," (proba-
bly the .Arkansas,) which they crossed before reaching Quivira, in lati-
"Following the orders of your Majesty (Don Antonio de Mendo«;n,) I have ouserved the 
best possible treatment toward the natives of this province, and of all others tbat I 
have traversNl. They have nothing to complain of me or my people. I :sojourned 
twenty-five da;ys in the proYincc of Qni vira, as much to tborougllly explore the couutry 
as to sec if I conltl not find some further occa~ion to serve yonr Majesty, for the guides 
whom I bronght with me have spoken of provinces situated still fa1-Lhcr on. '!'bat 
which I have been ~tble to learn is, that in all this country one can find neither golll 
nor any other metal. They spoke to me of small villages, whose inhabitants for the 
most part do not cnltivatc the soil. They have huts of hides and of willows, aml 
change their places of abode with the vaclws (buffaloes.) The talc thry tolcl me then 
(that Qnivira was a city of extraordinary buildings and full of gold) was false. In 
inducing me to part with all my army to come to this country, the Indians thought 
that the country being desert aml without water, they would conduct us into places 
where our horses and ourselves wouhl die of hunger; that is wbat the gnides have 
confessed. They told that they hu(l acted by the advice of the natives of these coun-
tries. (Coronado's Relations, Tcrnanx Compaus, pp. 360, :361.) 
t Jaramillo's Relations, Ternaux Compaus, p. 378. 
:j: Jaramillo's Relations, Teruaux Compans, pp. 375, 377. 
§ Castafieda's Relations, Ternaux Compans, p. 195. 
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tude 400 north; and to a still larger river further on (probably tbe 1\iis-
souri)-makes it exceedingly probable that he rcaclled the fortieth degree 
of latitude, or what is now the boundary between the States of K~tnsas 
and Nebraska, well on towards the .:Missouri River; and in this region I 
have terminated his explorations north on tile accompanying map.* 
In regard to tlw return route of tbo army of Coronado, w llich he 
dispatched to Tignex before he reached Quivira, it is e.xpress1y men-
tioned that they passed by some salt ponds, and, as I be1imTe they arc 
only to be found in that region of country between the Canadian and 
Arkansas Rivers, on the Little Arkansas Hiver, a tributary of the latter, 
in about latitude 37o, and longitude 99°, I have located tbis route as 
passing by these ponds, with some probability of its being correct.t 
Another point of the return route of the army was where it struck 
the Rio Cicuye, about thirty leagues uelow the bridge, where it had 
crossed it on their outward march.:j: 
Besides the provinces I have endeavored to locate there were anum-
ber, as I have already stated, Yisited by Coronado, or his officers, which 
were situated. on the Rio Tiguex, (Rio Grande,) or some of its tribu-
taries, as follows: Qt1irix, containing seven villages; in the Snow 1\fonnt-
ains, seven; Ximena, three; Chea, one; Hemes, seven; Aguas Calien-
tes, three; Yuque-yunque of the mountain, six; Valladolid or Brabn, 
one; Tutahaco, eight. 
Quirix was unquestionably San Phelipe de Queres of the present day; 
Chea, Silla j Hemes, Hemez j Aguas Calicmtes, the ruins which I have 
seen at Ojos Oalientes, twelve miles above Hemez, on the Rio de Hemez; 
and Braba, Taos. The situation of all the places named accord so 'n.~ll 
with that gi\Ten by Castaneda as to leave but little doubt that they are 
identical. 
In addition, in relation to Braba, Castaneda states that it was the last 
town on the Rio Tiguex, north, and \vas "built on the two banks of a 
stream which was crossed by bridges built of nicely-squared pine tim-
ber." Gregg, speaking of Taos, which is the last pueblo on the Rio 
Grande north of Santa Fe, says: "Tllere still exists a pueblo of Taos, 
composed for the most part of but two edifices of very siugnlar con-
struction, on each si<le of a creek, and formerly communicating by a 
bridge. The baso story, near 400 feet long and 150 wide, is divided. into 
numerous apartments, upon which other t,iers of rooms are built, one 
above another, forming a pyramidal pile of fift.y or sixty feet high, and 
compri::;iug some six or eight stories."§ The identity, therefore, of the 
two places I think certain . 
.tl.ll the vilages along the Rio de Tiguex, (Rio Grande,) explored by 
Castaneda~ were included in a district thirty leagues (102 miles) broad 
and one hundred and thirty (442 miles) long. 
Uastaileda, speaking of the origin of the people who inhabited these 
regions, says: "This circumstance, the customs and form of government 
"* This hypothesis is also strengthened hy the fact that the Turk who guided Coro-
nado stated that he was "a native of the country on the side of Florida," that is, 
toward the east from the Rio Tignex, (Rio Grande,) in the valley of ''hich he was at 
that time; that in his country was" a river two leag11es broad," &c.; and that when 
he reached Quivira ho told the Spaniards "that his country was still beyond that." 
(.See Castafieda's Relations, Ternaux Uompans, pp. 72, 77, 1:31.) 
t See ttnte, p. 40. 
t Betv;·een the outward and return route the Canadian River is deeply caiioned for 
fifty miles, which doubtless necessitated the army on its return either to cross it where 
it did when going to Qui vim, or at least fifty miles below that point; and doing the 
latter, it naturally struck tho Pecos proportionally lower down from the bridge. 
§Gregg's Commerce of the Prairies, 2d ed., voh ii, p. 277. 
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of these nations, which are so entirely different from those of all the 
other nations we have found up to the present time, prove that they 
came from the region of the Great India, whose coasts touch those of 
this country on the west. They may have approached by following the 
course of the river after crossing the mountains, and may have there 
:fixed themselves in the locations that seemed most advantageous to 
them. As they multiplied they built other villages along the banks, 
until the stream failed them by plunging into the eartll. When it 
reappears it flows toward Florida. It is said that there are other villages 
on the banks of this river, but we did not visit them, preferring, accord-
ing to the Turk's advice, to cross the mountains to its source. I believe 
that great riches would be found in the country whence these Indians 
carue. According to the route they followed they must h~we come from 
the extremity of the Eastern India, and from a very unknown region, 
which, according to the conformation of the coast, would be situated far 
in the interior of the land betwixt China and Norway. There must, in 
fact, be an immense distance from one sea to the other, ac~ording to the 
form of tlle coast as it has been discovered by Captain Villalobos, who 
took that direction in seeking for China. The sitme occurs when we 
follow the coast of Florida; it always approaches Norway up to the 
point where the couutry 'des baccalaos,' or codfish, is obtained."* 
The foregoing reflections seem crude to us who are better informed 
with regard to the geography of the earth's surface; but when we con-
sider that iu the days of Castalieda the whole of that portion of tho 
continent lying east of the Rio Grande was called Florida, aud but lit-
tle, if anytlling, was known of the exact relations of the northern part 
of our continent with the other portions of the world, they do not appear 
irrelevant. 
In conclusion, I think it proper to observe that the "Relations" of 
Ooronado, Castaneda, Jaramillo, and Alarcon, though somewhat vague in 
style, and therefore requiring a great deal of study to comprehend their 
meaning with certainty, are nevertheless written in a straight-forward, 
natural manner, and are manifestly entitled to credence whenever they 
describe what came under their observation. When, however, they 
describe the tales of others their narratives partake the character of 
the. marvelous; but, even then, if we carry along with us the idea that 
they do not mean to deceive, but only to give expression to what might 
possibly be true-but which they do not assert to be Ro-their narratives 
must be regarded not only as truthful, but as meritorious, and emi-
nently deserving of ca.1~eful study and reflection. 
* Castaneda's Relations, Ternaux Cou1pans, pp. 183, 184. 
THE SOCIAL AND RELIGIOUS CONDITION 
OF 
TilE LOWER RACES OF MAN, 
ADDRESS TO THE ·woRKINGMEN OF LIVERPOOL. 
BY SIR JOHN LUBBOCK, Bm·t., JII.P., F.R.S. 
GEN'l'LE~:IEN: The subject on which I have been requested to address 
you this evening is one of much interest, but also of such v~st extent, 
that I shall make no apology for entering at once upon it, without any 
introductory remarks. I will only observe that I do not propose to de-
scribe the arms or implements, houses or boats, food or dress of savages, 
all no doubt very interesting, but which time will not permit me to dis-
cuss; my object _will rather be, if possible, to illustrate the mental con-
dition and ideas of the lower races of men, a subject necessarily of great 
interest to the philosopher, but also of immense practical importance to 
an empire like ours, which extends · to every quarter of the globe, and 
contains races of men in every stage of civilization. 
Even those who consider that man was civilized from the beginning, 
and look upon savages as the degenerate descendants of much superior 
parents, must still admit that our ancestors were once mere savages, 
and may find therefore much interest in this study; but it no doubt ap-
pears far more important to those who think, as I do, that the primitive 
condition of man was one of barbarism, and that the history of the human 
race has, on the whole, been one of progress. 
I do not of course suppose that eve:ty people must necessarily advance; 
but those who do not, will assuredly be replaced, sooner or later, by 
more worthy races. Nor does progress take place alike, or pari passu, 
in all nations. The Greeks, tho 'ugh very advanced in arts, were extremely 
backward in other respects. Even the most civilized races show traces, 
and often more than traces, of their former barbarism. 
Nor do I mean that our modern savages in all respects reproduce the 
condition of our ancestors in early times ; on the contrary, even the 
Australians have now codes of law~ and rules which have grown up 
gradually, an<.l cannot llave exjsted originally. I feel sa.tis:fied, however, 
that from the study of modern savages we can gain a correct idea of 
man as he existed iu ancient times, and of the stages through which our 
civilization has been e,~olved. 
As regards their habits indeed, and the material conditions of life, 
savages differ greatly. The Esquimaux, m the land of ice and seals, 
the hunters of the American forests and prairies, the beautiful island-
ers of the st.ill more beautiful islands in the Pacific, the Tartars of the 
Siberian steppes, the Negroes of tropical Africa, necessarily differ 
greatly in their diet, their clothes, their houses, &c.; but, on the other 
hanl1., as regards ideas and customs, the case is different, and we :fin<l 
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very remarkable similarities even in the most distinct races and the 
most distant regions of the globe. 
I propose, therefore, on the present occasion, more especially to cal1 
your attention to the social or family relations, and the religious ideas 
of the lower races. 
Our ideas of relationship, founded as they are on marriage, seem so 
natural a.nd obvious, that we are at first inclined to regard them as 
having been original and common to them; this, however, as I shall 
attempt to show you, would be a mistake. Indeeu, the position of 
woman is, among the lower savages, melancholy in the extreme, and 
precludes all those tender and sacred feelings to which so much of our 
best anti purest happiness is due. 
A.gain, the religion (if so it can be called) of savages differs greatly; 
nay, in some respects, is the very opposite of ours. 
The whole mental condition of the savage~ indeed, is so dissimilar 
from ours that it is often very difficult for us to follow what is passing 
in his mind, or to understand the motives by which he is actuated. 
Many things appear natural, and almost self-evident to him, which pro-
duce a very different effect upon us. '' \Vhat," said a Negro once to Bur-
ton, ''am I to starve while my sister bas children whom she can sell'?" 
Thus, though savages always have a reasou, such as it is, for what they 
do and what they think, these reasons often seem to us irrelevant or 
absurd. Moreover, the difficulty of understanding what is paRsing in 
their minds is, of course, much enhanced by the differences of language. 
These have produeed many laughable mistakes. Tllus, when Labil-
laruiere inquired of the Friendly Islanders (whose language we now 
perfectly understand) what was their word for l,OOO,OOO, they seem to 
have thought the question absurd, and gave him a word which has no 
meaning; when he asked for 10,000,000, they said "looole," which I will 
leave unexplained; for lOO,OOO,OOO, "laounoua," which means ''non-
sense;" while, for still higher numbers, they gave him, in joke, certain 
coarse expression~, which he has gravely recorded in his table of nu-
merals. · 
A mistake made by Dampier led to more serious results. He had 
met some Australians, and apprehending an attack, he says, "I dis-
charged my gun to sa-ve them, but avoided ~hooting any of them, till, 
finding that we were in great danger from them, and that though the 
gun a little frightened them at first, yet they had soon learned to despise 
it, tossing up their hands, and crying pooh, pooh, pooh; and coming ou 
afresh with a great noise, I thought it high time to charge again and 
shoot one of them, which I did." 
Thus, this wretched savage lost his life because Dampier did not 
remember that pooh, pooh, or puff, puff, is the name which savages, like 
children, apply to guns. 
Again, the modes of salutation among savages are sometimes \ery 
curious, and their modes of showing their feelings quite unlike ours. 
Kissing seems to ns so natural an exprE-ssion of affection, that we 
should expect to find it all over the world. Yet it was unknown to the 
Australians, the New Zealanders, the Paponans, the "\Vest Afi'icau 
Negroes, and the Esquimaux. 
Tlle Polynesians and the l\falays always sit down 'When speaking to a 
superior. In some parts of Central Africa it is considered respectful to 
turn the back to a superior. 
Captain Cook asserts that the inhabitants of Mallicolo, an island iu 
the Pacific Ocean, show their admiration by hissing ; the Todas of the 
N eilgherry Hills, in India, are said to show. respect by raising the open 
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right hand to the brow, resting the thumb on the nose; it is asserted 
that among the Esquimanx it is customary to pull a person's nose as a 
compliment; a Chinaman puts on his bat where he should take it off:', 
and among the same curious people a coffin is regarded as a neat and 
appropriate pre~ent for an aged person, especially if in bad health. 
Under these circumstances we cannot wonder that we haYe Yery con-
tradictory accounts of the character and mental condition of s~·wages. 
Nevertheless, by comparing together the accounts of different traYelers, 
we can, to a great extent, eliminate these sources of error, and we are 
much aided in this by the remarkable similarity between very <1i1ferent 
races. So striking, indeed, is this likeness, that different races, in sim-
ilar stages of development, often present more features of resemblance 
to one another than the same race does to itself in different stages of its 
history. 
Some ideas, indeed, "'IYhich seem to us at first inexplicable and fantas-
tic, are yet very widely distributed. I will only allude to two. 
Probably every Englishman who had not studied otber races, would 
be astonished to meet with a nation in which, on the birth of a baby, 
the father and not the mother was put to bed and nursed. 
Yet, though this custom seems so ludicrous to use, it preYails very 
widely. 
Father Dobritzho:ffer tells us that among the Abigrones of South 
America, "no sooner do you hear that a woman bas borne a child, tltau 
you see tlle husband lying in bed, huddled up with mats and skins, lest 
some nHler breath of air should touch him, and for a nuru ber of days 
abstaining religiously from certain Yiand!';; you would swear it was he 
who had bad the child. * * * I had read about this in old times, 
and laughed at it, neYer thinking I could belieYe such madness; and I 
used to su::;pect that this barlJarous cnstom was related more in joke than 
in earnest, but at last I saw it with my owu eyes among tlle Abigroncs." 
Other travelers mention the existence of a similar custom in Green-
land, in Kamtchatka, in parts of China, in Borneo, in the north of Spain, 
in Uorsica, aud in the south of France, where it was called "f'ctire la 
con vade." 
It is of course evideut that a custom so ancient and so widel:v distri-
buted mu~t have its origin in some idea which satisfies theL savage 
mind. 
Several explanations have been suggestetl. Professor 1\lax l\fi:Uler 
says, "It is clear that the poor husband was at first tyrannized over by 
his female relations, and afterward frightened into superstition. He 
then began to make a martyr of himself, till he made himself really ill, 
or took to his bed in self-defense." 
Lafitan, to whom we are indebted for an excellent work on the manners 
of the American Indians, regards it as arising from a dim recollP-ction of 
original siu, r~jecting the explanation given by some of the savages 
themselYes, and which I h!Lve little doubt is the correct one, that they 
do it because they believe that if the father is engaged in any rough 
·work, or was careless in his diet, the infant would snffer. 
This idea, namely, that a person imbibes the characteristics of an ani-
mal which he eats, is very widely distributed. Tl1e l\Ialays at Singapore 
used to give a large price for the flesh of the tiger, not because they 
liked it, but because they believed that the man who eats tiger will be-
c9me as wise and powerful as that animal. The Dyaks of Borneo bavo 
a prejudice against the flesh of the deer, which the men may not eat, 
though it is allowed to the women and children. The reason given is that 
if tlle men were to eat venison, they would become as timid as deer. 
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The Caribs will not eat the flesh of pigs or of tortoises lest they should 
get small eyes. The Dacotahs of North America eat the liver of the dog, 
that they may become as wise and brave as that animal. 
TheN ew Zealanders, after baptizing an infant, used to make it swal-
low pebbles, so that its heart might be hard and incapable of pity. So 
also after a battle, they used to cook and eat the bravest and wisest of 
their fallen enemies, expecting thus to secure a share of their wisdom 
and ceurage. 
Another curious idea very prevalent among savages is their dread of 
having their portraits taken. The better the likeness the worse they 
think for the sitter; so much life could not be put into the copy except 
at the expense of the original. 
Once, when a good deal annoyed by some North American Indians, 
.K,_ane got rid of them instantly by threatening to draw them if they 
remained. 
Catlin tells an amusing but melancholy anecdote ~n illustration of this 
feeling among the same people. On one occasion he was making a like-
ness of a chief named Mahtocheega, in profile. This, when observed, 
excited much commotion among the Indians. "Why was half his face 
left out?" they asked, "Mahtocheega was never afraid to look a white 
man in the face." Mahtocheega himself does not seem to have taken 
any offense, but Shonka, a hostile chief, took occasion to taunt him. 
"The Englishman," he said, "knows that you are but llalf a man; he 
has painted but one-half of your face, and knows that the rest is good 
for nothing." This taunt led to ~i fight, in which poor M~1htocheega was 
killed, and the whole affair was ·very unfortunate for Mr. Catlin, who 
had much difficulty in making his escape, and lived some time in fear of 
his life. 
We cannot wonder that writing 8hould appear to the savage even 
more mysterious and uncanny than drawing. 
Carver allowed the Canadian Indians to open a book wherever they 
pleased, and then told them the number of leaves on each side. The 
only way they could account for this, be sa,ys, "was by concluding that 
the book was a spirit an~ told me whatever I asked." 
},nrther south the Minnatarrees, seeing Catlin intent over a copy of 
the New York Commercial Adverti-ser, were much puzzled, but at length 
concluded that it was a cloth for sore eyes. One of them eventually 
bought it at a high price. · 
This belief in the mysterious character of writing has led to its being 
used in many parts of the world as a medicine. 
The Central Afi·icans are a religious people according to their ligl1ts, 
and have great faith in the efficacy of prayers. \¥hen any _one is ill, 
they write a text out of the Koran on a board, wash it off, and make 
the patient drink it. The French traveller, Caillie, met with a man 
who had a great reputation for sanctity, and who made his living by 
writing pra,yers on a board, washing them off, and then selling the 
water~ which was sprinkled over various objects, and supposed to 
improve and protect them. It was soon observed that the charms were 
no protection from fire-arms; but that did not the least weaken the faith 
in them, because they said, as guns were not invented in Mohammed's 
time, he naturally provided no specific against them. 
ORNAMENTS. 
Savages are passionately fond of ornaments. If in the very low races 
the women are often wholly undecorated, this is only because the men 
keep all the ornaments to themselves. 
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As a general rule, we may say that races inhabiting hot climates 
ornament themselves; those of colder countries, their clothes. In fact, 
all savage races who have much of their skin uncovered, delight in 
painting themselves in the tnost brilliant colors. 
Although perfectly naked, the ..... t\.ustralians of Botany Bay were, as 
Captain Cook quaintly puts it, "very ambitious to be fine." Through 
the nose they wore a bone, as thick as a man's finger, and fi ,~e or six 
inches long. This was of course very awkward, as it prevented them 
from breathing through the nose; but they submitted cheerfully to the 
inconvenience for the sake of the appearance. 
They had also necklaces made of shells neatly cut and strung together, 
earrings, bracelets of small cord, and strings of plaited h umau hair, 
which they wound round the.ir waists. Some also had gorgets of large 
shells hung round thBir neck; and on all these ornaments they placed 
a high value. 
They also painted themselves, red and white being the principal colors. 
The red was laid on in broad patches; the white generally in stripes, 
or on the face in spots, often with a circle round each eye. 
Spix and Martins thus describe the ornaments of a Ooroado woman, 
whom they saw in Brazil : " On the cheek she had a circle, and over 
that two strokes; under the nose several marks resembling an m; from 
the corners of the mouth to the middle of the cheek were two parallel 
lines, and below them on both sides many straight stripes ; below and 
between her breasts there were some segments of circles, and down her 
arms the figure of a snake was depicted." She also wore a necklace of 
monkey's teeth. 
Indeed, savages wear necklaces and rings, bracelets, and anklets, 
armlets and leglets; even, if I may say so, bodylets. Round their 
bodies, round their necks, round their arms and legs, their fingers, and 
e-ven their toes, they wear ornaments of all kinds. I~ichtenstein saw 
the wife of a Beetuan chief, in South .A..fi'ica, wearing no less than 
seventy-two brass rings. 
Nor are they particular as to the material-copper, brass or iron, 
leather or ivory, stones, shells, glass, bits of wood, seeds or teeth-
nothiug comes amiss. In the Louisiade Archipelago, l\IcGillivray saw 
several bracelets made, each of a human lower jaw, crossed by a collar 
bone; and other travelers have seen brass curtain rings, brass keyhole 
vlates, lids of sardine cases, and other such incongruous objects, worn 
with much gravity and pride. 
l\Iany races are very careful about their hair. The Feejee Islanders 
train it into elaborate wigs, whieh take some years to arrive at perfec-
tion, so that they cannot sleep as we do, but are compelled to use neck-
rests. The islanders north of Australia, though among the lowest of 
savages, are in the habit of dyeing their hair red. 
Not content with hanging things on their bodies wherever nature has 
enabled them to do so, savages often cut holes in themselves for the 
purpose. 
The Esquimaux, from :Mackenzie River westward, make two openings 
in their cheeks, one on each side, in which they wear stone ornaments 
shaped like a large shirt-stud, and which may be called cheek-studs. 
Tllroughout a great portion of Western America, and in parts of 
Africa, it is the custom to wear a large piece of wood in the lower 
lip. A small hole· is made in the lip during infancy, and it is then 
enlarged by degrees, the size of the lower lip being the principal criterion 
of beauty. 
Other races, in the same manner, enlarge the lobe of the ear, until it 
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sometimes reaches the shoulder. Others file the teeth in Yarious man-
ners. Dr. Barnard Da'lis has a Dyack skull from Borneo, in which the 
six front teeth are each ornamented by having a small brass pin drh·eu 
into them. 
Ornamentation of the skin, again, is almost universal among the 
lower races of men. In some cases every indiYi<lual follows his own 
fancy; in others, each class has its own pattern. · 
Thus, the Bormouese of Central Africa have twenty cuts or lines on 
each sfde of the face, one in the center of the forehead, six on each 
arm, six on each leg, four on each side of the chest., and nine on each 
side just aboYe the hips. This makes ninet.r-one large cuts, and the 
process is said to be extremely painful, especially on account of the heat 
and flies. 
The most familiar example, however, of this mode of ornamentation 
is the tattooing of the New Zealanders, which also causes much inflam-
mation of the skin and great suffering. 
:Many other cases might be given in which savages ornament them-
selYes, as they suppose, in a manner which must be very painful. 
Even the shape is forcibly altered. by some races of men. Thus the 
Chinese cripple their ladies by preventing the growth of the :feet; and 
some of the American races even entirely alter the shape of the head, 
by tight bandages applied to the 11ewly-born infant, a process which one 
would have expected to affect the intellect, though, as far as the existing 
evidence goes, it <loes not appear to do so. 
L.A.WS. 
Those who have not devoted much attention to the subject haYe 
generally regarded the savage as having, at least, one advantage 
over civilized man, that, namely, of enjoying an amount of personal 
freedom greater than that of individuals belonging to more civilized 
communities. 
There cannot be a greater mistake. The savage is nowhere free. All 
over the world his life is regulated by a complicated set of rnles and 
customs as forciule as laws, of quaint prohiuitions, and unjust, privileges-
the prohibitions generally applying to the women, and the privileges to 
the men. 
The Australians, says l\ir. Laing, "instead of enjoying pP-rfect per-
sonal freedom, as it would at first appear, are governed by a code 
of rules and a set of customs which form one of the most cruel tyrannies 
that has ever perhaps existed on the face of the eartb, subjectiug not 
only the will, but the property and life of the weak to the dominion 
of the strong. The whole tendency of the system is to give everything 
to the strong and old, to the prejudice of the weak and young, and more 
particularly to the detriment of the women. They have rules by which 
the best food, the best pieces, the best animals, &c., are prohibited to 
the women and young men, and. reserved for the old. The women are 
generally approprh:..ted to the old and powerful, some of whom possess 
from four to six wives; while wives are altogether denied to young men, 
unless they have sisters to give in exchange, and are strong and 
courageous enough to prevent their sisters from being taken without 
exchange.'' 
In Tahiti "the men were allowed to eat the flesh of the pig and of 
fowls, and a \ariety of fish, cocoa-nuts, and plantains, and whatever was 
presented as an offering to tllC gods, which the females on pain of death 
were forbidden to touch, as it was supposed they would pollute them. 
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The fire on which the men's food was cooked was also sacrerl, and was 
forbidden to be used by the females. The baskets in which their pro-
vision was kept, and the bouse in which the men ate, were also sacred, 
and prohibited to the females under the same cruel penalty." 
'' 'Jlo believe," says Sir George Grey, "that man in a savage state is 
endowed with freedom, either of thought or action, is in the highest 
degree erroneous." 
Moreover, if savages pass unnoticed many actions which we deem 
llighly criminal, on the otfier hand they strictly forbid others which we 
regard as altogether immaterial. Thus the Mongols of Siberia think it 
wrong to touch :fire with a knife, to use one for taking meat out of a 
pot, to cut up wood near a hearth, to lean on a whip, to pour liquor on 
the ground, to strike a horse with the bridle, or break one bone against 
another~ 
Even in the cboice of their wives, savages in many cases have rules 
which greatly restrict their power of selection. 
In Australia (where, by the way, the same family names are common 
over almost the whole continent) no man may marry a woman of the 
same name as his own, even though she may be no relation whatever. 
In Eastern Africa, Burton says that "some clans of Somal Arabs will 
not marry one of the same family.'' 
Throughout India we find that the bill tribes are divided into septs 
or clans, and that a man may not marry a woman belonging to his own 
clan. 
The Kalmucks of Tartary are divided into hordes, and a man may not 
marry a girl of his own horde. "The bride,:' ~mys Bergman, "is always 
chosen from another stock; among the Derbets, for instance, from the 
Torgot stock, and among the Torgots from the Dcrbet stock." 
The same custom prm'ails among the Circassians and the Samoyeds 
of Siberia. 'rllC Qstyaks and Yakuts also regard it as a crime to marry 
a woman of tlw same family, or even of the same name. 
Among the North American Indians every tribe is divided into clans, 
generally from three to eight clans in each tribe, and no man is allowed 
to marry a woman of his own elan. 
Agaiu, far from being informal or extem.porary, the salutations, cere-
monies, treaties, and contracts of savages are characterized by the very 
opposite qualities. 
Eyre mentions that. in their intercourse. with one another, natives 
of different Australian tribes are exceedingly punctilious. :J\Iariner 
gives a long account of the elaborate ceremonies practiced by the Ton-
gans, and of their almost superstitious regard for rank. Thus, the king 
was by no means the man of highest rank. The Tooitonga, Veachi, and 
several others precedAd him. Iudeed the name Tooitonga means liter-
ally ''Sovereign of Tonga;" the office, however, was wholly of a religious 
eharacter, the Tooitonga being regarded as descended from the gods, 
if uot as a deity himself. 
'fbe Egbas, a Negro race of West Africa, are dAscribed by Burton as 
extremely ceremonious, and have a great ,-ariety of salutations, appli-
cable to every possible occasion. If an inferior meets a superior, there 
are several modes of showing respect. Captain Burton calculates that 
e-very one spends at least one hour a ctay in these troublesome ceremonies. 
In the religious ceremonies of 'J~ahiti, \-Villiams mentions that ''how-
ever large or costly the sacrifice that had been offered, and however 
near its close the most protracted ceremony might be, if the priest omitted 
or misplaced any word in the prayers with which it was accompanied, 
or if his att,ention was diverted by any means, so that the pr:::~yer was 
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'hai' or broken, the whole was rendered unavailable; he must prepare 
other victims, and repeat his prayers over from the commencement.i' 
Again, in Feejee, which is inhabited by a totally different race, we 
are told that public business was conducted with tedious formalit,y. 
Old forms are strictly observed and innovations opposed. .An abun-
dance of measured clapping of hands, and subdued exclamations, charac-
terize these occasions. "\Vhales' teeth and other property are never 
exchanged or presented without a tedious ceremonial. 
But little consideration is required to show that this is quite natural. 
In the absence of writing, evidence of contracts must depend on the tes-
timony of witnesses; and it is necessary, therefore, to avoid all haste 
which might lead to forgetfulness, and to imprint the ceremony as much 
as possible on the minds of those present. 
Amoug the lower races of men the chiefs scarcely take any cognizance 
of crime. As regards private injuries, every one protects or :revenges 
himself. Thus, among the North American Indians, even in cases of 
murder, the family of the deceased only punish the aggressor if they 
can. The clliefs and rulers do not feel called on to interferr. Indeed, 
it would seem that the object of legal regulations was at first not so 
much to puuish the offender as to restrain and mitigate the vengeance 
of the aggrieved party. 
The amount of legal reyenge, if I may so call it, is often strictly regu-
lated, even where we should least expect to find such limitations. Thus, 
iu Australia* "crimes may be compounded for by the criminal appear-
ing and submitting himself to the ordeal of having spears thrmYn at him 
by all such persons as conceive themselve8 to have been ap;grie,·ed, or 
by permitting spears to be thrust through certain parts of his body, 
such as through the thigh, or the calf of the leg, or under the arm. ·The 
part which is to be pierced by a spear is fixed for all common criwes, 
and a native who has incurred this penalty sometimes quietly holds out 
his leg for the injured party to thrust his spear through." So strictly 
is the amount of punishment limited, that if, in inflicting such spear 
wounds, a man, either through carelessness, or fi·om any other cause, 
exceeded the recognized limits, if, for instance, he wounded the femoral 
artery, he would in his turn become liable to punishment. 
Such cases as these seem to throw great. light on the origin of the idea 
of property. As soon as any rules were laid down regulating the nature 
or amount of revenge for disturbance in possession, or when the chief 
thought it worth while himself to settle di~:;putes so arising, and thus, 
while increasiug his own dignity and influence, to check quarrels which 
might otherwise prove injurious to the tribe, the natural effect would be 
to develop the idea of mere possession into that of property. 
Since, then, crimes were at first regarded as mere personal matters, 
in which the aggressor and his victim alone were interested, every 
crime, even murder, might be atoned for by the payment of a sum of 
money. · 
Among the Anglo-Saxons every part of the body had a recognized 
value. Thus, the loss of a front tooth was valued at six shillings; that 
of a beard was reckoned at twenty shillings; while the brcakiug of a 
thigh was only put at twelve, and of a rib at three; facts which show 
both the. high value of money, and also the importance attached by our 
ancestors to their personal appearance. . Moreove.r, these payments had 
reference to the injnr.v done, and had no relation to the crime as a crime. 
This is, no doubt, the origin of the great difference in the penalties 
*Sir G. Grey's Australia, s. 2, p. 243. 
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inflicted by ancient laws on manifest and non-manifest thieves, that is, 
on offenders caught in the act, and those only detected after delay. 
Thus, in the old Homan law the manifest thiPf, who was caught in the 
net, or with the goods still upon him, became the slave of the person 
robbed; while the non-manifest thief was only compelled to pay twice 
the value of what he had stolen. 
The same principle occurs in the German and in the North American 
Indian laws, thus following the rule of private vengeance, and the pro-
portion of revenge likely to be taken by an aggrieved person under such 
circumstances. 
The severity of early codes. and the uniformity of punishment which 
characterizes them, is probably due to the same cause. Au individual 
wlw felt himself aggrieved would not weigh \ery closely the amount of 
vengeance he was entitled to inflict; and as it would be the object of 
early lawgivers to encourage resort to the public tribunals, and t(} dis-
com·age private vengeance, they would naturally feel it undesirable that 
the penalty imposed by law should at first be much less than that which 
custom allowed the party aggrieved to take for himself. 
MARRIAGE .AND REL.A1'IONSHIPS. 
Another subject on which savages entertain notions very different from 
ours is that of relationships. All our ideas of relationship are founded 
on marriage and on the family. We regard a child as related equally 
to its father and its mother; we make no difference between a father's 
brother and a mother's brother on the one hand, a father's sister and a 
mother's sister on the other. They are respectiYely uncles and aunts. 
But among savages it is not so. The relationship to the clan almost 
supersedes that to tile family. The position of the women is very unfor-
tunate. They are treatcu like slaves, or almost like domestic animals. 
Thus, in Australia, little real affection exists between husband and wife, 
and young men value a wife principally for her services as a slaYe; in 
fact, when asked why they are anxious to obtain wives, their usual reply 
is, that they may get wood, water, and food for them, and carry what-
ever property they possess. 
The position of women in that country seems, indeed, to be wretched 
in th <' extreme. 
"Few women," says Eyre," will be found upon examination to be free 
from frightful scars upon the head, or the marks of spear wounds about 
the body. I have seen a young woman who, from the number of these 
marks, appeared to ha\e been almost riddled with spear wounds." And 
it seems that, if they are at all good-looking, their position is, if possible, 
even worse than otherwise. 
Even in marriage, there is, among the lowest races of men, little 
feeling of lm'e; many of the lower languages are sadly deficient in terms 
of affection. Pure love-songs are almost unknown, or very rare, among 
the lowest races of men. From the nature of their dwellings, there is 
mnch less privacy than among ourselves; the clan feeling is strong, 
and the tribe generally has an interest in the produce of the chase or 
fishery of each. These and other circumstances strengthen the feeling 
for the tribe as against ·that for the family. 
Many instances, indeed, are recorded among the lower races of men 
where marriage may be said to be unknown, and where children must, 
therefore, be regarded as related by tribal rather than family connections. 
Traces of this state of things exist in some cases long after the actual , 
condition has ceased to exist. 
Thus, even in our own language, wordR which now indicate relation-
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ship had, originally, ·no si1eh signification: the word daughter, for in-
stance, meaning literally "milkmaid," and thus dating back to a time 
when our ancestors did not recognize the "family" as it now exists 
among us. l\fr. Morgan has pointed out a very interesting ilhistration 
of the same fact in the language of the Sandwich Islands. The word 
': waheena" stands equally for ·wife, wife's sister, brother's wife, anu 
wife's brother's wife. So again, '' lcailcee," child, also signifies brother's 
wife's child and wife's brother's wife's child. The same ideas of relation-
ship are indicated by tile application of the word ''kana,," i. e. husband. 
That this does not arise from mere povert,y of language is evident, 
because the same system discriminates bet-vveen other relationships we 
do not distinguish from one another. 
Perhaps the contrast is most clearly shown in the words for brother-
in-law and sister-in-law. Thus, if a woman is speaking, the word for 
sistoc-in-law=.husband's brother's wife, ispunalua., and for sister-in-law= 
husband's sister, lcailcoalca; but brother-in-law, -:vhether sister's husband 
or husband's brother, is lcaJta=husband. On the contrary, when a man 
is speaking, the word for sister-in-law=wife's sister or brother's wife, is 
wa.Jwena=wife; but brother-in-law=wife's brother, is ka·ilwakct, alHl for 
wife'~ sister's husband, p~tnal:ua. Thus, a woman ha.s husbands and 
sisters-in-law, but no brothers-in-law, while a man has wives and brothers-
in-law, but no sisters-in-law. The same idea runs through a.U other 
relationship, cousins being regarded as brothers and sisters. So again, 
while the Homans distinguished between father's brother= pctbnas, and 
mother's brother= avunculus; and again, father's sister=am.ita, and 
mother's sister=rnatertera; the two first in Hawaian are rnakua kana. 
Thus, the idea of marriage does not in fact exist in the Sandwich 
Island system of relationship. Uncleships, auntships, cousinships, are 
ignored, and we have only grandparents, pa.rents, brothers and sisters, 
children, and grandchildren. 
Here it is clear that the child is related to the group. It is not 
specially related either to its father or its mother, who stand in the same 
relation as mere uncles and aunts, so that every child has several fathers 
and several mothers. 
To our English ideas, the question of the orjgin of marriage seems 
devoid of difficulty, nay, even of significance. The married state is one 
with which we are so familiar, it is so interwoven with all our family life, 
all our sense of social duty, that we are apt to regard it as unh~ersal and 
aboriginal. This, however, is not the case. li'acts like t~hose jnst refer-
red to-and~ if time permitted, many others might be given-show that 
the condition of the lowest races of men is that not of individual marriage 
as it exists among us, but of communal marriage, if I may call it so. 
Even, however, nuder the system of communal marriage, a man who had 
captured a beautiful girl in some marauding expedition would wish to 
keep her to himself. She did not belong to the tribe; they had no right 
to her; he might have killed her if he bad chosen; and if lte preferred 
to keep her alive, it was no affair of theirs; she was as mueh his incH-
vidual property as his spear or his bow. Hence a form of individual 
marriage would rise up by the side of the communal marriage. This 
theory explains the extraordinary subjection of the woman in marriage; 
it explains the very widely distributed custom of "exogamy,'' or that 
custom which forbids marriage within the tribe; the necessity of expia-
tion for marriage, as an infringement of tribal rights, since, according 
to old ideas, a man had no right to appropriate to himself that which 
belonged to the whole tribe; and, lastly, the remarkable prevalence of 
the form of capture in marriage. 
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Among the rudest races capture is far more than a form, anCl it is 
customary for men to steal women by force from other tribes. 
Hearne, \Vllo knew the North American Indians thoroughly well, and 
whose st:-ttcments have been confirmed by subsequent travelers, as for 
instance by Fnmkliu aud Richardson, assures us that among theN orth-
<.>ru tribe~, it has ever been the custom for the 1ben to wrestle for any 
woman to whom they are attached; and of course tbe strongest always 
carries otf the prize. "A weak man," he adds, "is seldom permitted to 
keep n wifl', that a stronger man thinks worth his uotice," which, he says, 
"keeps up [1 , great spirit of emulation among the young men." It must 
be ol.mern~ tl that t!Jis is not regar<led as any arbitrary exercise of power, 
but it i:s a recognized right that a stroug man may earry off the wife of 
a weaker one if he can; and it would appear that even the women acqui-
esce in this custom without a murmur. 
I will now give a few instances, in order to show how widely this 
custom of marriage by capture prevails among the lower races of men, 
and that traces of it linger even among those higher in the scale of civ-
ilization, 
In Australia, the ardent lover steals on the dark o~ject of his affections, 
knocks her down with his club, and drags her off in triumph. This 
violent affection is not resented by the relations of the woman, if they 
are not able to rescue her at the moment. On the contrar,y, she is recog-
nized as the legal wife of her captor. 
In Bali, one of the islands between Java and New Guinea, it is stated 
to be the practice that girls arc stolen away by their lovers, \vho carry 
them off by force to the woods; when brought back ti:·om thenr~e the 
poor female becomes the slave of her r-ongh lover, by a certain compen-
sation being paid to her relatives. 
Speaking of the Khonds, a tribe in India, .Major General Campbell 
me11tious that, on one occasion, hearing loud cries, lle went to see what 
was the matter, and found a man carrying off a girl, while twenty or 
thirty friends protected ltim from the attacks of a number of women, who 
were attempting to rescue the bride. The struggle continued until the 
bridegroom reached his own house, and General Campbell was assured 
that, among the Khonds, marriages were always solemnized in this 
manner. 
Among the Kalruucks of Central Asia tlie marriage ceremony is even 
more romantic. The girl is put on a horse and rides off at full speed. 
\Yhen she has got enough start the lover starts in pursuit; if he catches 
lter, she becomes his \Yife; but if be cannot overtake her, the match is 
broken off; and we are assured, which I can well believe, that no Kal-
muck girl was eT"er caught against her will. 
Again, awong the Ahitas of the Philippine Islands, when a man 
wishes to marry a girl, her parents send her before sunrise into the 
\YOods. She has an hour's start, after wltich the lover goes to seek her. 
If he finds .her and brings her back before sunset, the marriage is ac-
knowledged; if not, he must abandon all claim to her. 
"The aborigines of the Amazon Valley," says \Vallace, ''have no par-
ticular ceremony at their marriages, except that of always carrying 
awaj- the gid by force, or making a show of doing so, even when she 
and her parents are quite willing." 
1\I. Bar<lel mentions that among the Indians round Conception, in 
Cl.lili, on the other side of the Andes, after a man has agreed on the 
price of a girl \vith her parents, the reeognisefl mode of proceeding is 
that be surpri~es her, or is supposed to <lo so, and carries her off to the 
woods for a few days, after which the happ;y couple return howe. 
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As regards Europe, we find just the same thing; the Romans had a, 
similar custom, and traces of it occur in Greek history. 
So deeply rooted is the feeling of a connection between force and 
marriage, that we find the former used as a form long after all necessity 
for it as a reality had ceased to exist; and it is very interesting to trace, 
as l\fr. McLennan has done, the gradual stages through which a stern 
reality softens down into a mere symbol. 
For, as communities became larger and more civilized, the actual cap-
ture became inconvenient, and, indeed, impossible. Gradually, therefore, 
it sunk more and more into a mere form. 
In North Friesland the bride makes a show of resistance, and is lifted 
by mock force into the wagon which is to take her home. 
Hence, no doubt, the custom of lifting the bride over the doorstep, 
which occurs or did occur among the Romans, the redskins of Canada, 
the Chinese, and the natives of Abyssinia. Hence, also, perhaps our 
custom of the honeymoon ; and hence, also, may be, as Mr. McLennan 
has suggested, the slipper is thrown in mock anger after the departing 
bride and bridegroom. The latter suggestion is indeed very doubtful; 
still it is remarkable how persistent are all customs and ceremonies con-
nected with marriage. Thus our "bridecake," which so invariably 
aceompanies a wedding, and which must always be cut by the bride, 
may l1e traced back to the old Roman form of marriage by "confarreatio,'' 
or eating together. So also 'tmong the Iroquois, the bride and bride-
groom used to partake together of a cake of sagamite, which the bri<le 
al wayR offered to her husband. Again, among several of the Indian Hill 
tribes, the bride prepares some drink, sits on her lover's knee, drinks 
Lalf herself, and gives him the r~st. 
It requires strong evidence, which, however, exists in abundance, to 
satisfy us that marriage was, in its origin, independent of all sacred and 
social considerations; that it had nothing to do with mutual affection 
or consent; indeed, that aU appearance of consent was forbidden ; so 
that it was symbolised not by any demonstration of warm affection on 
the one side, and tender devotion on the other, but by brutal violence 
and unwilling submission. 
Yet, as already mentioned, the evidence is overwhelming. l\iarriage 
by capture, either as a reality or as a form, has been shown to exist in 
Aust,ralia, and among the Malays, in Hindostan, Uentral Asia, Siberia, 
and Kamtcbatka, among the Esquimaux, the northern redskins of 
America, the aborigines of the Amazon Valley, in Chili and in Tierr~J, 
del Fuego, in the Pacific Islands, in the Philippines; among the Arabs, 
Negroes, and Circassians; and, until lately, in -various parts of Northern 
Europe. 
I will now proceed to the consideration of the statement that the 
second stage in the development of the idea of family consists in the 
recognition of relationship to the mother, that to the father being still 
·overlooked. 
In almost all tropical countries polygamy is very frequent; the chiefs 
especially take to themselves a large number of wives. In Western 
Africa, for instance, the king of Ashantee made it a point of honor to 
have always 3,333 wives. Among hunting races, though polygamy is 
less prevalent, men who are powerful, either physically or socially, fre-
quently appropriate to themselYes the wives of those who are weaker. 
Either of these conditions-either the multiplicity of wives, or frequent 
changes, would weaken very much the tie between father and child. 
Hence, probably, the curious fact, that in many parts of the world a 
man's property does. not descend to his own children, but to those of his 
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sister; relationship, and, consequently, inheritance, being held to descend 
iu the female line, and not in the male, as among ourselves. 
This is the case among the Negroes of Guinea, among the Berbers in 
North Africa, and the Arabs in the East. n occurs among several of 
tbe llindostan tribes, among the Battas of Sumatra, the red Indians of 
North America, the black islanders of the Pacific, and else~ here. 
Obviously, however, as civilization progressed, and the moral feelings 
became stronger, a feeling of opposition to these arrangements would 
arise. As family life became more developed, the affection between 
father and child would become stronger; and as property became more 
important, men would wish their goods to descend to their own children, 
who would themselves obviously desire to inherit their father's property. 
And as man, like a pendulum, always passes from one extreme to 
another, so, having long considered that children were related to their 
mother, but not to their father, when they recognized the relation on 
the paternal side, they went into the other extreme, and neglected that 
to the mother. 
How completely the idea of relationship through the father, "hen 
once recognized, superseded that through the mother, we may see in the 
very curious . trial of Orestes-the son of Agamemnon and Clytem-
nestra-as recorded by an ancient Greek poet. 
Clytemnestra murdered Agamemnon, whose death was avenged by 
Orestes. For this act he was fabled to have been prosecuted before 
the Greek gods by the Furies, whose duty it was to punish those, and 
those only, who had slain their relatives. 
In his defense Orestes asked them, why they did not punish his 
mother, Clytemnestra, for the murder of her husband, Agamemnon, 
and when they answer that marriage does not constitute blood-relation-
ship, he pleads that, by the same rule, they cannot touch him, because, 
he says, a child is a relation to his father, but not to its mother. 
This view, which seems to us so unnatural, was nevertheless supported 
by Apollo and Minerva, and being adopted by a majority of the judges, 
led to the acquittal of Orestes. 
Hence we see that at first the feeling of clanship prevailed rather 
than that of family, and that children were regarded as related to the 
tribe rather than to their parents; that, secoudly, they were considered 
to be related to the mother, but not to the father; thirdly, to the father, 
but not to the mother; lastly, and lastly only, as among ourselves, to 
both father and mother. 
We see, therefore, that the lowest savages are entirely deficient in the 
idea of marriage and of family, and that the position of women is 
wretched in the extreme. The ideas of relationship, founded on mar-
riage, have only gradually been acquired, and thus civilization has 
raised the position of woman, and making her a helpmeet instead of a 
slave, has purified and softened all the conditions of social life. The 
higher position of woman is one of the points in which we see most 
clearly the enormous advantage of civilization over barbarism. 
RELIGION. 
The religious condition of the lower races of mankind is one of the 
most difficult, although, at the same time, most interesting portions of 
my subject. 
It is most difficult, partly because it is far from easy to communicate 
with men of a different race on such an abst,ruse subject; partly because 
many are reluctant to discuss it; but mainly because, even among those 
nominally professing the same religion, there are always in reality great 
23 s 
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differences; individuals-as I shall endeavor to ·show you is also the 
case with nations-acquiring continually grander, and therefore .more 
correct ideas, as they rise in the scale of civilization. 
Still, as new religious ideas arise, they do not destroy, but are only 
superinduced upon the old ones; thus the religion of the ·ancestors he-
come the nursery tales of their descendants, and the old Teutonic deities 
of our forefathers are the giants and demons of our children. 
It has hitherto been usual to classify religions either according to 
the name of the founder or the objects worshipped. Thus one,division 
of the lower religions bas been into Fetichism, defined as the worship of 
material substances; Sabmism, that of the heavenly bodies, the sun, 
moon, and stars; and Heroism, or the deification of men after death. 
This and other similar systems are simple, and have certainly some au-
vantages, especially as regards the lower races of men and the lower 
forms of religion. They are not, however, really natural systems; there 
is no real difference between the worship of the sun and that of a rock 
or lake. No doubt to us the sun seems a grander Q.eity, but of the main 
facts on which that opinion rests the savage is entirely ignorant. 
Moreover, Heroism is found among races as low in the scale of civili· 
zation as either Fetichism (in the above definition, which, however, I <lo 
not adopt) or Sabmism, and indeed the three forms of religion indicated 
above may coexist in one people, and even in the same individual. The 
true classification of religions should, as it seems to me, rest, not on the 
mere object worshipped, but on the nature and character ascribed to 
the deity. 
It is a much disputed question, into which I will not now enter, 
whether the lowest races have any religion or not. 
However this may be, it is at least clear that the r:eligion of the lower 
savages is very unlike that of most advanced races. Indeed, in many 
respects it is the very opposite. Their deities are evil, not good; they 
ma,y be forced into compliance with the w1shes of man; they require 
bloody, and rejoice even in human, sacrifices; they are mortal, not im-
mortal; part of nature, not the creators of the world; they are to be 
approached by dances rather than by prayers; and often approve of 
vice rather than of what we esteem as virtue. 
The ideas of religion among the lower races of man are intimately 
associated with, if indeed they have not originated from, the condition 
of man during sleep, and especially from dreams. 
Sleep and death have always been regarded as nearly related to one 
another. Thus, in classical mythology., Somnus, the god of sleep, and 
Mors, the god of death, were both fabled to have been the children of 
Nox, the goddess of night. 
So, also, the savage would naturally look on death as a kind of sleep, 
and would expect and hope-hoping on even against hope-to see his 
friend awake from the one as he had often done from the other. 
Hence, probably, one reason for the great importance ascribed to the 
treatment of the body after death. J 
But what happens to the spirit during sleep~ The body lies lifeless, 
and the savage not unnaturally coneludes that the spirit has left it. In 
this he is confirmed by the phenomena of dreams, which consequentl,Y 
to the savage have a reality and an importance which we can scarcelJ 
appreciate. During sleep the spirit appears to. desert the body, and, 
as in our dreams, we seem to visit other countries and distant regions, 
while the body remains as it were lifeless; the two phenomena were 
naturally placed side by side, and regarded as the complements one of 
the other. 
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Hence, the savage considers the events in his dreams as real as those 
which happen when he is awake, and hence he naturally feels that he 
has a spirit which can quit the body-if not when it likes, at least un<.ter 
certain circumstances. 
Thus, Burton states, that, according to the J orubans, a Western Afri-
can tribe, ''dreams are not an irregular action and partial activity of 
the brain, but so many revelations fi'om the spirits of the departed." 
So strong, again, was the North American faith in dreams, that on 
one occasion, when an Indian had dreamed that he was taken captive 
and tortured, he induced his friends to make a mock attack upon him, 
and actually submitted to very considerable suffering·, in the hope that 
he would thus fulfill his dream. 
The Greenlanders also believe in the reality of dreams, and think that 
at night their spirit actually goes bunting, visiting, courting, and so on. 
It is of course obvious that the body takes no part in these nocturnal 
adventures, and hence it is natural to conclude that they llave a spirit 
which can quit the body. 
Lastly, when they dream of their departed friends or relath·es, savages 
firmly believe that they are visited by the spirits of the dead, and hence 
believe, not indeed in the immortality of the soul, but in the existence 
of a spirit which survives, or may survive, the body. 
Again, savages are seldom ill; their sufferings generally arise from. 
wounds; their deaths are generally violent. As an external injury 
received., say, in war, causes pain, so when they suffer internally, they 
attribute it to some enemy within them. Hence, when an Australian, 
perhaps after too heavy a meal) has his slumbers disturbed, he is at no 
loss for an explanation, and supposes that he has been attacked by some 
being whom his companions could not see. 
This is well illustrated in the following passage from Captain vVilkes's 
voyage : "Sometimes," he says, "when the Australian is asleep, Koin, 
as they call this spirit, seizes upon one of them and carries bim off. 
The person seized endeavors in vain to cry out, being almost strangled. 
At daylight, however, Koin departs, and the man finds himself ag-ain 
safe by his own fireside." Here it is evident that Koin is a personifica-
tion of the nightmare. 
In other cases the belief that man possesses a spirit seems to ha ,.e been 
suggested by the shadow. Thus, among the Feejeeans: "Some," says 
1\::Ir. Williams, ''speak of man as having two spirits. His shadow is called 
the' dark spirit,' which they say goes to Hades. The other is his like-
ness reflecteu in water or a looking-glass, and is supposed to stay near 
the place in which a man dies. Probably this doctrine of shadows bas 
to do with the notion of inanimate objects having spirits. I once placed 
a good-looking natiYe suddenly before a mirror. He stood delighted. 
':Now,' said he softly, 'I can see into the world of spirits.'" 
.. But though spirits are naturally to be dreaded, on various accounts, 
it by no means follows that they should be conceived as necessarily 
wiser or more powerful than man. Of this our spirit-rappers and table-
turners afford us a familiar illustration. So also, the natives of the 
Nicobar Islands put up scarecrows round their villages to frighten away 
hostile spirits. The natives of Kamtchatka iwmlt their deities if their 
wishes are unfulfilled. They even feel a contempt for them. "If Kutka," 
they say, "had not been stupid, would he have made inaccessible moun~ 
tains and too rapid rivers~" 
The Lapps made images of their gods, putting each in a separate box, 
on which was written the name of the deity, so that each might know 
its own box. • 
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The Kyoungtha, of Uhittagong, are Buddhists. Their village temples 
contain a small stand of bells, and an image of Boodh, which the villa-
gt!rs generally worship morning and evening; "first," as Captain Lewin 
states, "ringing the bells to let him know they are there." The Sin to 
temples of the Sun Goddess in Japan also contain a bell, intended, as 
Bishop Smith tells us, "to arouse the goddess, and to awaken her atten-
tion to the prayers of her worshippers." 
Casalis states that when a Kaffir is on a marauding expedition, he 
gives utterance to those cries and hisses in which cattle-drivers indulge 
when they drive a herd before them, thinking in this manner to persuade 
the poor divinities of the country they are attacking, that he is bring-
ing cattle to their worshippers, instead of coming to take it from them. 
J\Iany other illustrations might be given, but these are sufficient to 
show how low and degraded is the savage conception of the Divine 
nature. Gradually, however, as the human mind expands, it becomes 
capable of higher and higher realizations. 
I will now describe very shortly the religions of some savage races, 
:beginning with the lowest, which m~y be called Animism. 
The religion of the Australian, if it can be so called, consists of a 
belief in the existence of ghosts, or spirits, or at any rate of evil beings 
who are not mere men. This belief cannot be said to influence them by 
day, but it renders them very unwilling to quit their camp-fire by night, 
or to sleep near a grave. They have no idea of creation, nor clo they 
use prayers; they have no religious forms, ceremonies, or worship. 
They do not believe in a Supreme Deity, or in the immortality of the 
soul, nor is morality in any way connected with their religion. 
An interesting account of the religious condition of the northern 
natives has been given by a lVIrs. Thomson, a Scotchwoman, who was 
wrecked on that coast, and lived alone with the natives for nearly five 
years, when she was rescued by a English ship. rrhe Australians all 
over the continent hav·e an idea that when the blacks die they turn into 
whites. Mrs. Thomson herself was taken for the ghost of a woman 
named Giom, and when she was teased by the children, the men would 
often say, ''Leave her alone, poor thing; she is nothing, only a ghost." 
This, however, did not prevent a man named Baroto making her his 
wife, which shows how little is really implied in the statement that the 
Australians believe in the existence of spirits. In reality they do no 
more than believe in the existence of men slightly different from and 
somewhat more powerful than themselves. 
FETICHISM. 
The Fetichism of the :Negro is a step in ad vance, because tbe influence 
of religion is much raised in importance. Nevertheless, from one point 
of view, Fetichism may be regarded as an anti-religion; for the Negro 
believes that by means of the Fetich he can coerce and control the 
deity. 
Indeed, Fetichism is mere witchcraft. 'Ve know that all · over the 
world would-be magicians think that if they can obtain a part of an 
enemy, or even a bit of his clothing, they thus obtain a control over 
him. 
Nay, even the knowledge of the name is supposed to confer a certain 
power. Hence the importance which savages attach to names. Thus, 
for instance, the true name of the beautiful Pocahontas, a celebrated 
Virginian chieftainess, was Matokes; but, this name was carefully con-
cealed from the English, lest it should give them a power over her. For 
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the same reason the Romans carefully concealeu the name of the patron 
saint of their city. 
In other cases it was thought sufficient to make an image to represent 
the original. Thus, even in the 11th century, and in Europe, some 
unfortunate Jews were accused of murdering a certain Bishop Eberhard, 
by making a wax figure to represent him, and then burning it, whereby 
the bishop died; this indeed was a common form of witchcraft. 
Now, Fetichism seems a mere extension of this belief. The Negro 
snpposes that the possession of a Fetich representing a deity makes 
that deity his sl::tve. 
A Fetich, therefore, differs essentially from an idol. The one is 
intended to raise man to the contemplation of the deity; the other to 
bring the deity within the control of man. Aladdin's lamp is a familiar 
instance of a Fetich; and indeed, if witchcraft be not confused with 
religion, Fetichism can hardly be called a religion. 
The low religious conceptions of the Negroes are well illustrated in 
the gPneral belief that the Fetich sees with its eyes as we do; and so 
literally isH the actual image which is supposed to see, that, when the 
Negro is about to do anything of which he is ashamed, he hides his 
Fetich in his waistcloth, so that it may not be able to see what is going· 
on. Fetichism, strictly speaking, has no temples, idols, priests, sacri-
fices, or prayer. It involves no belief in creation, or in a future life, 
and, a fortiori, none in a state of future rewards and punishments: it is 
entirely independent of morality. 
TOTEMISM. 
The next stage in religious progress is that which may be ca.lled 
Totemism. The savage does not abandon his belief in Fetichism, from 
which indeed no race of man has yet entirely freed itself, but he superin-
duces on it a belief in beings of a higher and more mysterious nature. In 
this stage everJ·thing is deified-stones, rivers, lakes, mountains, the 
heavenly bodies, m·en animals and plants. 
Various theories have been suggested to account for the origin of the 
deification of such objects. I believe that it arose principally in this 
way: A. chief being named after some tree or animal, say the Black 
Bear, or the Eagle, his family would naturally take the same name. 
They would ·then come to look on the animal after which they were 
named, first with interest, then with respect, and at length with a sort 
of awe. 
In Australia, we seem to find the Totem, or, as it is there called, the 
'' Kobong," in the very process of deification. Sir George Grey tells us 
that each family takes some animal or plant as its sign or '' Kobong." 
No native will intentionally kill or eat his "Kobong," which show~ that 
there is a mysterious feeling connected with it; but we are not told that 
in Australia the Kobong is regarded as a deity. 
In America, on the other hand, the redskins worship their Totem, 
from which they beli~ve themselves to be actually descended. 
If we remember how low is the savage conception of a deity, we shall 
see that the larger and more powerful animals do, in fact, to a great 
extent, fulfill his idea. 
This is especially the case with nocturnal animals, such as the lion 
and tiger. .As the savage crouching by the side of his camp-fire at night 
listens to the cries and howls of the animals prowling round, or watches 
them stealing like shadows among the trees, what wonder if he weaves 
mysterious stories about them, and eventually fancies them something 
.nore mysterious than mere mortal beinf;s. 
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The worship of the serpent is very prevalent. Its bite, so trifling in 
appearance, and yet so deadly, producing fatal effects rapidly, and ap-
parently by no adequate means, suggests to the savage almost irresisti-
bly the notion of something divine, according to his notions of divinity. 
There were also some lower, but powerful considerations, which tended 
greatly to the development of serpent-worship. The animal is long-
lived, and easily kept in confinement; hence the same individual might 
be preserved for a long time, and easily exhibited at intervals to the 
multitude. In Guinea, where the sea and the serpent were the principal 
deities, the priests encouraged the worship of the latter expressly, as we 
are told, because offerings presented to the sea were washed away b;y 
the waves, which was not the ease with those offered to the serpent. 
It is somewhat more difficult to understand the deification of inani-
mate objects. In fact, however, savages scarcely believe in the exist-
ence of inanimate objects. Chapman mentions that the Bushmen in 
South Africa tho.ught his big wagon was the mother of his small one. 
Hearne tells us, that the North American Indians never hang up two 
nets together, for fear they should be jealous of one another, and that 
they prefer a lrook which has caught a big fish to fifty which have not 
been tried. 
The South Sea Islanders not only believed that their animals had 
souls, but also that this was the ease with inanimate objects. Renee, 
the savage broke the weapons and buried with the dead, so that their 
souls might accompany that of their master to the land of spirits. 
Hence, also, on one oeeasion the king of the Koussa Kaffirs having bro-
ken a piece of iron from a stranded anchor, died soon after, upon which 
the Kaffirs immediately concluded that the anchor was alive and had 
killed their king. 
Some such accident probably gave rise to the ancient Mohawk notion, 
that some great misfortune would befall any one who spoke while cross-
ing Saratoga Lake. A strong-minded English woman on one occasion 
purposely did so; and, after landing, rallied her boatman on his super-
stition; but I think be bad the best of it after all, for he at once replied, 
that the Great Spirit was merciful, and knew that a white woman could 
not hold her tongue. 
vVe· find, indeed, the worship of lakes and rivers, or traces of it, all 
over the world. Even our own island is full of sacred wells and springs, 
and Scotland and Ireland. especially abound with legends about water-
spirits. I have myself seen a well in Rosshire hung round with the 
offerings of the peasantry, consisting principally of rags and half-pence. 
The worship of upright stones is also very widely distributed. This 
form of worship has been explained by M. Dulaure as arising from the 
respect paid to boundary stones. I do not doubt that, in the case of 
· some particular stones, it may have so arisen. The heathen deity, 
Hermes, or Termes, was evidently of this character, and hence we may 
explain the peculiar and apparently antagonistic peculiarities attached 
to him. · 
"Mercury or Hermes," says Lempriere, "was the messenger of the 
gods; he was the patron of travelers and shepherds; he conducted the 
souls of the dead into the infernal regions, and not only presided over 
orators, merchants, and declaimers, but was also the god of thieves, 
pickpockets, and all dishonest persons. He invented letters and the 
lyre, and was the originator of the arts and sciences." 
It is difficult at first to see the connection between these various 
offices, characterized as they are by such opposite peculiarities. · Yet 
they all follow from the custom of making boundaries by upright stones. 
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Hence the name of Hermes or Termes, a boundary or terminus, while 
the name of the corresponding Roman deity, Mercury, is connected with 
the word "march," or boundary, whence our title of marquis, meaning 
originally a person to whom was intrusted the duty of guarding the 
"march," or neutral territory, which in the troublous times of old it 
was customary to leave between the possessions of different nations. 
These marches, not being cultivated, served as grazing grounds; to 
them came merchants to exchange on neutral gr,ound the products of 
their respective countries; here also, for the same reason, treaties were-
llegotiated; here also international games and sports were held. Up-
right stones were used to indicate places of burial; and lastly, on them 
were inscribed laws and decrees, records of remarkable events, and the 
praises of the deceased. 
Hence Mercury, represented by a plain upright stone, was the deity 
of travelers, because he was a landmark; of shepherds, as presiding over 
pastures; be conducted the souls of the dead into the infernal regions, 
because even in the very early days upright stones were used as tomb-
stones; he was the god of merchants, because commerce was carried on 
mainly at the frontiers; and of thieves out of sarcasm. He was the 
messenger of the gods, because ambassadors met at the frontiers; and 
of eloquence, for the same reason. He invented the lyre and. presided 
over games, because contests in music, &c., were .held on neutral ground; 
and he was said to have invented letters, because inscriptions were 
engTaved on upright pillars. 
Stone-worship in its lower phases has, however, I think, a different 
origin, and is merely a form of that indiscriminate worship which 
characterizes the human mind in one phase of development. 
}j"ire, again, is worshipped all over the world. In ancient times it 
was far from being so easy to light a fire as it is now that we have lucifer 
matches and various other appliances for the purpose. In some parts 
of Tasmania and Australia the natives, if their fires went out, preferred 
to go long distances to get a fresh spark from another tribe rather than 
attempt to light one for themselves. 
In somewhat more advanced communities, as, for instance, in some of 
the North American tribes, and in the familiar instance of Rome, certain 
individuals were told off to keep a fire continually burning. Thus would 
naturally arise the 'idea that this fire was something sacred and holy. 
The name of the classical goddess of fire, Vesta, or Hestia, means lit-
erally a hearth. 
The worship of fire naturally reminds us of that of the heavenly bodies, 
and especially of the sun and moon. \Nhen once the i<lea of religion 
had arisen, no one can wonder that they should be regarded as deities. To 
us indeed this worship seems to contain much that is grand; and while 
many writers have refused to believe it possible that man could ever 
really have worshipped animals and plants, almost all have regarded that 
of the sun and moon as natural and appropriate. 
Yet the sun and moon do not appear to have suggested the idea of 
divinity to the savage mind by any other process than that already 
alluded to in the case of animals. The lowest races have never raised 
their minds to the contemplation of the sun or moon as cleitie~. This 
worship commences only in the stage above Fetichism, that is to say, as 
n form of 'J;otemism ; but it reaches its greatest importance at a sub-
sequent stage of religious development. Before quitting Totemism, it 
may be well to observe that even objects most inappropriate, according 
to our ideas, have been deified by various races. 
. Thus~ in Central India, the TQdas are said to worship a buffalo bull, 
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pouring out libations of milk, and offering prayers to it. The Kotas 
worship two silver plates, which they regard as husband and wife. They 
have no other deity. The Kinumba~ worship stones, trees, and ant-hills. 
The Toreas, another neighboring hill tribe, worship especially a gold 
nose-ring, which probably once belonged to one of their women. 
Many other inanimate objects have also been worshipped. Debrosses 
mentions an instance of a king of hearts being made into a deity. 
The South Sea Islanders, who represent a distinctly higher phase of 
civilization than the hill tribes -of Hindostan, or the red Indians of 
North America, present us also with a higher form of religion. Their 
deities are conceived as more powerful. In many islands there are tradi-
tions of a powerful being who raised the land from below the waters, and in 
Tonga, until lately, it is said that the very hook '~as shown with which 
this was effected; still the deities cannot be regarded as creators, 
because both earth arid water existed before then. Neither was the 
religion of the South Sea Islanders connected with morality. Their 
deities were not supposed to reward the good or to punish the evil. In 
the Tonga and other islands the common people were not supposed to 
have souls at all. In Tahiti the natives believed in a future life, and 
even in the existence of separation between the spirits, some going to a 
much happier place than others. 1ihis, however, was not considered to 
depend on their conduct during life, but on their rank-the ehiefs going 
to the happier, the remainder of the people to the less desirable locality. 
The Feejeeans believe that, as they die, such will be their condition 
after death. Moreover, the road to mbulu, or heaven, is long and diffi-
cult; many souls perish by the way, and no diseased or infirm person 
could possibly succeed in overcoming all the dangers of the road. 
Hence, as soon as a man feels the approach of old age, he notifies to his 
children that it is time for him to die. A family consultation is then 
held, a day appointed, and the grave dug. Mr. Hunt gives a striking 
description of such a ceremony once witnessed by him. A young man 
came to him and invited him to attend his mother's funeral, which was 
just going to take place. Mr. Hunt accepted the invitation and joined 
the procession, but was surprised to see no corpse. He asked where the 
mother was, when the young man pointed out his mother, who, in Mr. 
Hunt's words, was walking along "as gay and lively as any of those 
present." When they arrived at the grave, she took an affectionate 
farewell of her children and friends, and then cheerfull;y submitted. to be 
strangled. . 
So general, indeed, was this custom in the Fe~jee Islands, that in 
many villages there were literally no old people, all having been put to 
death; and if we are shocked at the error which led to such dreadful 
results, we may at least see something to admire in the firm faith with 
which they acted up to their religious belief. 
It will be observed that, up to this stage, religion is entirely deficient 
in certain characteristics with which it is generally regarded as inti-
mately associat,ed. The deities are mortal; they are not creators; no 
importance is attached to true prayers; virtue is not rewarded, nor vice 
puniRheu; there are no temples or priests; and, lastly, there are no 
idols. 
Up to this stage, indeed, we :find the same ideas and beliefs scattered 
throughout the whole world, among races in the same low stage of men-
tal development. 
]from this point, however, differences of circumstance, differences of 
government, differences of character, materially influence the forms of 
religious belief. Natives of cold climates regard the sun as beneficent, 
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those of the tropics consider him as evil; hunting races worship the 
moon, agriculturists the sun; again, in free communities thought is free, 
and, consequently, progressive; despots, on the contrary, by a natural 
instinct, endeavor to strengthen themselves by the support of spiritual 
terrors, and hence favor a religion of sacrifices and of priests rather 
than one of prayer and meditation. 
Lastly, the character of the race impresses itself on the religion. 
Poetry especially exercises an immense influence, as, for instance, has 
been well shown by Max Muller and Cox to have been the case with the 
Greeks, tile names of the Greek gods rea~pearing in the earlier Vedic 
poetry as mere words denoting natural objects. Thus, Dyans, in ancient 
Sanscrit, means simply the sky; and the expresHion, the "sky thunders," 
meant originally no more than it does with us. The Greeks and 
Romans, llowever, personified Dsaus, or Zeus; thus, they came to 
regard him as a deity, the god of thunder, tlle lord of heaven, and thus 
built up a whole mythology ont of what were at first mere poetical 
expressions. Time, however, does not permit me to enter on this inter-
esting part of the subject. I trust, however, that what I have said shows 
that the opinions of savages, as regards religion, differ essentially from 
those prevalent among us. Their deities are scarcely more powerful 
than themselves; they are evil, not good; they are to be propitiated by 
sacrifices, not by prayer; they are not creators; they are neither omnis-
cient nor all-powerful; they neither reward the good nor punish the 
evil; far from conferring immortality on man, they are not even, in all 
cases, immortal themselves. 
Where the material elements of civilization developed themselves with-
out any corresponding increase of knowledge, as, for instance, in Mexico 
and Peru, a more correct idea of Divine power, without any correspond-
ing enlightenment as to the Divine nature, led to a religion of terror, 
which finally became a terrible scourge of humanity. 
Gradually, however, an increased acquaintance with the laws of nature 
enlarged the mind of man. Be first supposed that the deity fashioned 
the earth, raising it out of the water, and preparing it as a dwelling-
place for man; and subsequently realized the idea that land and water 
were alike created by Divine power. 'After regarding spirits as alto-
gether evil, he rose to a belief in good as well as in evil deities, and 
gradually subordinating the latter to the former, worshipped the good 
spirits alone as gods, the evil sinking to the level of demons. 
From believing only in ghosts, he came gradually to the recognition 
of the soul; at length uniting this belief with that in a beneficent and 
just being, he connected morality with religion, a step the importance 
of which it is scarcely possible to over-estimate. 
Thus we see that as men rise in civilization their religion rises with 
them ; that far from being antagonistic to religion, without science, true 
religion is impossible. 
The Australians dimly imagine a being, spiteful, malevolent, but weak, 
and dangerous only in the dark. 
The Negro's deity is more powerful, but not less hateful. Invisible, 
indeed, but subject to paiu, mortal like himself, and liable to be made 
the slave of man by enchantment. 
The <lei ties of the South Sea Islanders are some good, some eYil; but 
on the whole, more is to be feared from the latter than to be hoped from 
the former. They fashioned the land, but are not truly creators, for 
earth and water existed before them. They do not punish the evil, nor 
reward the good. They watch over the affairs of men; but if, on the 
one hand, witchcraft has no power over them, neither, on the other, can 
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prayer influence them; they require to share the crops or the booty of 
their worshipers. 
Thus, then, every increase in science-that is, in positive and ascer-
tained knowledge-brings with it an elevation of religion. 
Nor is this progress confined to the lower races. Even within the last 
century, science has purified the religion of vVestern Europe by rooting 
out the dark belief in witchcraft, which led to thousands of executions, 
and hung like a black pall over the Christianity of the :Middle A.ges. 
Yet, in spite of these immense services which science has confessedly 
rendered to the cause of religion, there are still many who look on it as 
hostile to religious truth, forgetting that science is but exact knowledge, 
and tbat he who regards it as incompatible with hi'3 religion, practically 
admits that his religion is untenable. · 
Others, again, maintain that although science or religion cannot indeed 
be at variance, yet that the teaching of scientific men, or rather of some 
scientific men, is in open hostility with religion. 
What justification is there, however, for this idea~ . No scientific man, 
so far as I know, has ever been supposed to have taught anything which 
he did not him ~Self believe. That surely was their right-nay, their duty; 
their duty alike to themselves, to you, for. their devotion to truth is 
their best claim to your confidence-nay, to religion also, for nothing 
could be more fatal to religion than that it should be supposed to require 
the suppression of truth. 
No, the true spirit of faith looks on the progress of science, not with 
fear but .with hope, knowing that science can influence our religious con-
ceptions for good only. 
vVhether, then, as some suppose, science is destined profoundly to 
wodify our present religious views, or not-into which question I do 
not now wish to enter-no one need on that account regard it with appre-
hension· or with distrust. 
Far from it, we must be prepared to accept any conclusions to which 
the evidence may lead; not in the spirit of resignation or of despair, but 
in the sure and certain hope that every discovery of science, even if it 
may conflict with our present opinions, and with convictions we hold 
dear~ will open out to us more a'lld more tl1e majestic grandeur of tpe 
universe in which we live, and thus enable us to form nobler and there-
ion~ truer conceptions of religious truth. , · 
The time, then, has surely now come, when scientific men need no 
longer stand on the defensive, but may call on the state, which is now 
making a great effort to establish a national system of education, and 
has ever shown itself ready to assist in the prosecution of scientific 
research-may call on the clergy, who exercise so great an influence-
no longer to ignore in our elementary and o~her schools the great dis-
coveries of the last thousand years, but ~o assist us in making them 
more generally known to the people of this 'country ; confident that a 
better acquaintance with the laws which regulate the beautiful world 
in which we live would not only dimin~sh the e~Tils from which we suf-
fer, and add greatly to the general happiness, but also tend to develop 
our moral nature-to elev::tte and purify the whole character of man. 
PRINCIPLES !ND METHODS OF P !L!EONTOLOGY. 
BY THOMAS HENRY HUXLEY. 
[The following article was published, in 1865, in " A Catalogue of the Collection of 
Fossilsin the Museum ofPractieal Geology," &c. Although evidently written, at least 
iu part, long before its publication, it still remains one of the clearest and most com-
plete summaries of the subject yet published, and as the want of such a summary has 
been frequently expressed, it is here reproduced. On account, however, of its length, 
cert•tin passages of simple local interest have been omitted.-H.] 
1.-PREL:U"'\IINARY CONSIDERATIONS. 
The formation of the collection of fossils in the Museum of Practical 
Geology has been a necessary result of the operations of the geological 
survey of Great Britain, whose officers have been engaged for many 
years past in determining the structure of the British islands ; that is, in 
ascertaining what is the nature and the order of superposition of the 
various irregular masses or regular" strata,"* piled one upon another, 
which compose these like all other parts of the earth's crust. 
If rocks and stones were soft and easily cut, nothing would be easier 
than the solution of these questions. It would be merely necessary to 
make a sufficiently deep vertical cutting of the country in any required 
direction, and the true order of the beds would. be at once visible on 
the walls of the section. But it is needless to say that in practice cut-
ting into rocks is a very <lifficnlt and a Yery expensive operation, and. 
that the making of such artificial sections as these, for geo1ogical pur-
poses, is wholly out of the question. The geological surveyor is, there-
fore, obliged to trust Yery largely to the accidental occurrence of mttural 
sections, such as are afforded by the sea cliffs or the scarped hills which 
may occur in his line of work, and to such artificial ai(ls as arc iuci(len-
tally yielded by the sinking of shafts or the cutting of railroads. 
It becomes, conseque.ntly, of essential importance to him to possrss a 
means of identif:·dng the beds which be finds in one srrtion with those 
in another. Similarity or dissimilarity of mineralogical eompof-iition ''"ill 
not always help him, as this (]Ua.lity not only varies in tbe same stratum, 
but is similar in widely different strata; so that beds of limestone in one 
place m}};y correspond as regards age and position with sandy or elayey 
strata elsewhere. Ou the other hand, the continuity of a stratnm be-
tween any two points examined would be clear and decish·e as to its 
identity at the two points, but this evidence, for the reasons jnst stated, 
is but rarely attainable; and wherP, as so frequently happens, the strata 
l1ave been disturbed from their original position, widely separated, 
or partially destroyed between the two points, it becomes hopeless to 
seek for any such proof. vVere there no other teHt of the natnre of a 
stratum at any given point than its mineral character, and its continuity · 
with some other stratum whose place in the series wa~ known, we might 
- -----·----------- ----
"STIUTU;>.L-A single layer of the earth'A crust, \Yhatever its composition, is teclmi-
cally terme<l a stratum. :For simplicity's sake, tho often highly irregular masses of 
igneous rock which enter largely into the composition of the earth's crust, and which 
might not technically be termed "strata," may be left out of cousideratiou. 
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lun·e a series of local topographies, but no science of geology; nor could. 
those great laws ever have been established by which the geologist, 
acquainted with the surface rock of a country, is enabled to predict with 
much confidence what may, and what cannot, be found beneath it. 
These laws are in truth entirely based on the study of the "fossils" 
contained in tlw rocks; it is upon this science of fossils, or " palaeon-
tology,"'" that another and most important method of determining the 
nature and order of the strata rests. Universal experience has shown 
that every series of strata contains assemblages of fossils wlJich are 
pec~1liar to and characteristic of it; which are usually fouml in it, and 
never found out of it; and observation bas furtlJet demonstrated that 
the strata thus characterized are arranged in an order of superposition 
which is everywhere constant. It fol1ows, therefore, that the fossils con-
tained in a. stratum of rock are capable of revealing to us, at once, the 
position of that stratum in the whole series, and of informing us what 
lies above and what below it. 
A common example will illustrate the practical value of the informa-
tion thus obtained. 
It is shown by experience that in these islands extensive beds of good 
workable coal are never found below that particular series of strata 
termed, collectively, the ''carboniferous formation." Nevertheless, fos-
silized vegetable matters occur in other strata, and have not unf're-
quently misled owners of estates into undertaking ruinously expensive 
and wholly fruitless ruining operations, which would never have been 
commenced had they availed themselves of the information afforded by 
the fossils of the surface rocks. For it is clear that a preliminary exami-
nation of these fossils will show at once whether they belong to strata 
below the carboniferous rocks or above them. If the former be the c~.se, 
then the sinking a shaft is absurd, as every blow of the pickaxe must 
take the miner, in reality, further away from the qbject of his search; 
if the lattPr, on the other hand, success is at any rate possible, though 
the expediency of making the attempt will depend upon many contin-
gencies. 
Now it is clear that, if the fossils contained in the rocks constituting 
the surf<:we in every district of Great Britain had been examined., it would 
be possible, by coloring a map of these islands in such a manuer that all 
those parts whose fossils indicated their inferiority to the carboniferous 
formation should be blue, and all those which lay abm-e it should be red, 
to indicate at once to the miner where his search for coal might possibly 
be successful, and Vi·here it must necessarily fail. And, furthermore, if 
the fossils on which the coloring was based were placed in a museum 
for public inspection, it would be open to every one to examine for hjm-
self the evidence on which the map stood, ·and to satisfy himself of the 
accuracy of this part of the work of the surveyors. 
"-That is here supposed to be done with reference to this one set of 
beds-the carboniferous formation-has, in effect, been performed by 
the labors of the geological surveyors of Great Britain for all the strata 
which enter into the composition of the British Islands. The place 
where each constitutes the surface rock is marked by an appropriate 
color on the maps of the survey. The fossils which have served as the 
standards of comparison in determining the nature of the strata are 
open to general inspection in the Museum of Practical Geology. In one 
sense, therefore, the collection of fossils is simply the product of and 
key to the maps of the survey. 
*PALAEONTOLOGY.-Derived from three Greek words, signifying "ancient" and 
I. being" and " discourse." The science of ancient beings. 
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Important as it is, however, to the welfare and prosperity of the 
country that an accurate record should exist of the composition of its 
share of the e~rth's crust, whence the miner, the metallurgist, and the 
minerl:\logist extract so many products of the utmost value to man, and, 
indee(l, indispensable to the maintenance of his present complex state 
of civilization to suppose that this immediate and so-called ''practical" 
object of the collection is the only, or even the most important, C]l{l 
that it subserves, would be as great an error as that of the barbarous 
Oriental, who sees nothing but a convenient stone quarry in those mas-
sive pyramids, on whose walls the instructed Eastern traveler reads the 
history of an ancient world, and learns the more, the more knowledge 
and capacity be brings to the i11quiry. In truth, the history, not merely 
of one but of a series of ancient worlds, is written upon the rocks which 
compose the solid coating of the globe in signs the meaning of which is 
decipherable with far more ease and certainty than that of hieroglyphic 
or cuneiform inscriptions; or we might say that, as it is the custom iu 
these times to deposit the coins and medals of the age under the founda-
tion stoues of a building, so the Great .Artificer has, as he laid each 
course of stone in the world's foundations, deposited coins and medals of 
His striking, the remains of the then existing system of organic life, 
the bones aud shells of the contemporaneous living beings. 
But a l1istory in an unknown tongue can be profitable only to those 
who will take the trouule to acquire a knowledge of the construction of 
the language, and of the signification of its words and signs. Now, 
natural history, or the science of the structure and habits of living 
beings, is the grammar and dictionary of the language of fossils. To 
understand all that fossils teach, natural history must have been the 
study of a life; but a clear comprehension and careful reco1lectiou of a 
few of its simpler principles will be sufficient to enable a person of in-
telligence, unversed in science, to apprehend the wider bearings of the 
collection. To afford this assistance is the sole object of the pres-
ent explanatory preface. It is intended to awaken even a casual visitor 
to a sense of t.he profoundly interesting problems which the collection 
forces upon our consideration; to enable him to comprehend how it is 
that the naturalist reads llere, as plainly as if it were stated in to-day's 
paver. and with considerably more faith than he would place in any 
mere human affirmation, that the earth bas undergone a great series of 
changes, stretclling over enormous periods of time; that its living popu-
lation bas not always been what it is now, but that the present kinds of 
animals and plants have been preceded by others widely differing from 
them, and these by others, and so on, for an indefinite series of altera-
tions; that these changes have been accompanied by constant altera-
tions in climate and in tho level of the laud and sea; finally, that the 
J)eriod of time of which these records furnish the history is inconceiva-
bly immense. 
These are weighty articles of belief, and nothing can seem, at first, to 
be less likely than that tho accumulation of oddly marked and shaped 
stones, which are visible on the shelves around, should contain almnd-
ant evidence of their validity and truth; but so it is. How it is, will 
be rendered clear by what follows. 
H.-BRIEF EXPOSITION OF 'l'IIOSE PRINCIPLES OF NATURAL HISTORY 
\VlliCII ARE OF TilE 1\IOST D1PORT.A.NCE '1'0 THE UNDERSTANDING 
OF FOSSILS. 
It has been stated that natural history is the key to palaeontology, and 
hence, before attempting to learn the meaning of fossils, it is necessary 
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to be acquainted with those principles of biological science which bear 
most directly upon the subjeet: 
1. The most important of all the generalizations of natural history, 
and, indeed, one of the most brilliant additions which the progress of 
modern science has made to human knowledge, is the law that all ani-
mals and plants are as~ociated and arranged according to certain fixed 
laws. 
Thus, to select an example from the animal kingdom: There is an 
immense variety of hoofed ruminating animals, antelopes, sheep, oxen, 
deer, giraffes, camels; but notwithstanding the extreme difference in 
the aspect of these well-known creatures, the anatomist discovers that 
they exhibit a great number of common characters. Thus-
a. All possess a backbone, or vertebral column, separating the great 
centers of the nervous system from those of the alimentary and circu-
latory apparatus, and the latter is situated un the ventral, front, or 
downward face of the body; none have more than two pairs of limbs; 
the chief central nervous system is not pierced by the alimentary canal. 
b. _All have a heart with four cavities; possess lungs and a midriff or 
diaphragm; and have two facets on the hinder part of the skull, for ar-
ticulation with the foremost bone of the spinal' column. .In a-ll, each 
half of the lower jaw is in a single piece, and is articulated directly 
with the skull b,y a con-vex head; they all possess mammary glands for · 
suckling their young. 
c. The teeth are in all more or less deficient in the front part of the 
upper jaw; they all possess complex stomachs, and not more than two 
completely developed long bones in the middle region of the fore and 
hind feet. 
It would be easy to make a drawing embodying all these peculiari-
ties, and that drawing would stand·in precisely the same relation to the 
group of "ruminants" (technically called "Ru.minant'ia'') as the ground 
plan of a single bouse does to the street which the architect means to 
build of houses of that size and general form. The superstructure of 
each house may, if the architect pleases, be totally different in style, 
without in any way interfering with his general plan; and similarly, in 
each phrticular ruminant, the common plan is preserved, while the d~­
tails of the " elevation," the size, the figure, the proportions, the orna-
mentation in the way of color and horns, vary to an immense extent. 
HaYing thus acquired a notion of the "common plan" of the rumi-
nantia, it will be found, on turning to other equivalent groups or" orders" 
of the Mammalict, (or animals which suckle their young,) that a corre-
sponding common plan may be found for each; and when all these 
common plans are cqmpared together, it will be discovered that there are 
certain respects in wlJich they agree. All mammalia, in fact, possess the 
anatomical characters enumerated under the preceding heads a and b. 
Hence, a drawing exhibiting these features would serve as a "common 
plan" of the mammalia, and the common plans of the orders of mammals, 
ruminantia,* carnivora, &c., might be regarded a.s modifications of the 
plan of all mammals in tlle same sense as each ruminant is a modifica-
tion of the common plan of all ruminants. But now, if we were to extend 
our researches further, and compare mammals with birds, reptiles, am-
phibia, and fishes, we should discover a still more remarkabl~ fact, viz: 
that all these creatures, and only these of allli ving things, possess the 
character enumerated under the first head. Hence, a drawing or dia . 
gram embodying these characters would represent t.he common plan of' 
"*Strictly i!peaking, the group Rurninantia is only a part of the modern order A.rtiuda:_c-
tyla, but it was convenient here to use the term iu its old sense :tnd valne, or rather 
sub-order A1·Uodactyla of the order Unf]ulata.) 
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these animals, which are collectively termed the Vertebrata; and it would 
stand in the same relation to the common plans of birds, mammals, rep-
tiles, amphibia, and fishes, as the ruminant plan did to oxen, sheep, and 
antelopes. 
By carrying investigations of this kind into the rest of the animal 
kingdom it has been shown that every animal whatsoever is a modifica-
tion of one or other of five great common plans-the plan of the Vertebrata, 
that of the Annulosa, that of the Grelenterctta, and that of the Protozoct. 
This division of the animal kingdom is not generally adopted in this 
country; that most prevalent recognizes the branches Vertebrata, Ar-
timtlctta, Jlfolusea, Radiata, and Protozoa. 
It is most important, however, not to form a wrong idea as to the real 
import of these "common plans." We must regard them simply as de- • 
vices by which we render more clear and intelligible to our O\Yn minds 
the great truth that the parts of living bodies are associated together 
according to certain definite laws. Why·it is that an p,nimal which 
suckles its young should invariably possess a double articular surface at 
the back of its skull, should have the articular surface of its lower jaw 
convex or flat and not concave, and should always be provided with 
hairs and never with feathers, we know as little as why the earth turns 
from west to east, and not from east to west; but if the morphological 
law which expresses this invariable coexistence, or correlation, of organic 
peculiarities has been as regularly verified by our experien·ce as the as-
tronomical law, we may, for all practical purposes, reckon as securely 
upon the constancy of one relation as upon that of the other. 
It is, indeed, remarkable to how great an extent we may depend upon 
these laws, and how seemingly unimportant, and in the present state of 
physiology inexplicable, mauy of the most constant correlations of ani-
mal parts are. Thus the profoundest of "teleologists"* will, probably, 
hesitate to attempt to account, by any physiological reasoning, for the 
above-stated invariable occurrence of true hairs in those animi:tls only 
which suckle their young and have two occipital condyles; but, ne,Ter-
theless, if a single hair be placed before a naturalist he will be able, in 
many cases, not only at once to decide that the animal to which it belongs 
possesses a backbone, has four limbs, suckles its young-, has a heart with 
four distinct cavities, possesses lL1ngs; but h~may be able to go into minute 
details as to the structure of its brain, and the arrangement and number of 
its teeth. How does he know these things~ Simply because experience 
teaches him thatthestructnreofthe hair in question is found as a constitn-. 
en t part of only one particular 'plan of organization, and, therefore, may be 
depende<l upon as an indication of all the other peculiarities of that plan. 
Just as when a particular characteristic fossil is found we may predi-
cate what other fossils will be found in the same bed, wit1wut lmving· 
the least idea of the why and the wherefore of the association; so the 
apparently trivial and unimportant hair indicates, we kliO\Y not why, all 
the other structural peculiarities w hicll experience shows to be associated 
with it. We shall find the application of these truths by and by in con-
sidering tile lllethods by which fossils are determined. 
Important consequences flow from the fact that the forms of living 
beings are modeled upon common plans, and from the kilHl of relation 
which exists between any actual form and its plan. Thus the 'Tertebrate 
plan, as has been seen, undergoes five modifications, each of which con-
stitutes the common plan of a large a'Ssemblage of animals-of mammah;, 
* TBLEOLOGY.-The doctrine of final causes. "Teleologist," one who r,;cek:-; for the tiual 
causer,; of phenomena. 
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of birds, of reptiles, of amphibians, and of fishes; and if we select any 
of these subordinate plans we find it again modified so as to constitute 
the plans of the minor subdivisions of these great assemblages. The 
·reptilian plan is modified in one way to form the plan of the turtle tribe, 
in another to constitute that of the crocodiles, in another tha,t of the 
lizards, of the snakes, and so forth. And, in like manner, the common 
plan of any great division of the animal kingdom is seen, in nature, to 
be modit1ed into a series of more and more altered and specialized plans, 
each of which is common to the members of a progressively smaller sub-
division of the group, until at length we arrive at the smallest assem-
blage of beings which can be said to possess a particular common plan; 
or, in other words, which exhibits characters common to all its constitu-
• ents, and not possessed by those of any other group. 
It is by reason of these singular relations among the forms of living 
beings that what is termed a "natural classification" is possible. In the 
ordinary business of life, whenever it is necessary to recollect and have 
at command a multiplicity of objects, we "classif.y" those objects; we 
arrange them in groups or packets distinguished by particular marks 
and having a particular order. Thus it is that the merchant arranges 
his wares, the librarian his books, the lawyer his' papers; and the 
naturalist, in like manner, would find it utterly impossible to grapple 
with the details of the two or three hundred thousand distinct forms of 
living beings, whieh are the object of his study, unless be could in·some 
way classify and arrange them. 
Now the aim of classification may vary. Many persons imagine that 
natural history is the knowledge of the names which have been affixed 
to animals and plants by men of science; and. the wish of such persons 
is to have a classification so contrived as to enable them, with the least 
possible trouble, to . asce1~tain what name has been affixed to an object, 
or, better still, to determine that no name has been given to it, when 
they have the satisfaction of baptizing it themselves. These "natural-
ists,"' necessarily, desire in a classification only a good index and diction-
ary of the names of animals and plants, and it matters not by what marks 
they designate their groups so long as those marks are easily discovera-
ble and readily remembered. Thus, plants might be divided according 
to the number of stamens in the flower, while animals might be classed 
according to the number of their teeth, 'the shape and number of their 
legs, &c.; and. arrangements of this kind, if skillfully made, might have 
no small value and use in helping us to discover what animals and plants 
.. are, and what are not known, but it is clear they would be purely arbi-
trary; there would. be no necessary relation between the members of the 
various groups beyond the single point in which they agree; in other 
words, the classification would be "artificial" and not ''naturaL" · 
But the low conception of the objects of the science of natural history, 
from which sneh artificial classifications flowed, has given place to other 
and higher views, and with it all artificial systems have become exploded, 
or relegated to their proper place as mere aids to the memory. The nat-
uralist of the present day, in fact, stands to him of the past in the relation 
of a Niebuhr, a Hallam, or a Gnizot, to the gossiping compiler of a chronique 
scandaleu.se, or, at best, to a Froissart or a Burnett. Without despising 
the importance of a knowledge of the names and habits of lidug beings, 
he sees beyond this, and overruling it, a higher and a nobler aim-the 
investigation of the laws of life, of the principles discoverable amid the 
multiform structures of living beings, and of the relations in which they 
stand to one another and to the ~urrounding unhTerse. 
For such objects an artificial classification is useless, if not obstructive. 
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The laws of life can only be obtained by observation of the facts of life 
and generahzation from those facts, and the philosophical naturalist 
seeks that classification which shall best enable him to remember facts 
and generalizations already won, and shall most efficiently assist him to 
obtain others. 
As Onvier has well expressed it, modern classification endeavors to 
throw the facts of the structure of living beings into the fewest possible 
general propositions. Each living being, therefore, has been compared 
with all others, and those from which it is not separated by any constant 
difference are grouped together as one "species." The different species 
have next. been compared, and those which agree in some one or more 
characters, while they differ from all others in these characters, are 
arranged into a larger group, called a "genus." By a like procedure, 
genera have b~en grouped into •' f~nnilies;" these into ''orders," orders 
into "classes," and classes into "subkingdoms," which last are the pri-
mq,ry subdivisions of the animal and vegetable ''kingdoms" respecthrely. 
The resemblances and differences upon which the groups are founded, 
being- based on a comparison of the whole organization of living beings, 
are thorough and funuamental, and, as it were, indicated by nature her-
self. ITence this morle of classification has been termed "natural," in 
contradistinction to those previously referred to, the divisions of which 
are founded on insulated and superficial relations. 
But it is obvious that if animals and plants were not constructed upon 
common plans, it would be impossible to throw them into groups 
expressive of their greater or less degree of resemblance, such as those 
of the natural classification. In fact, the doctrine of "common plan,. 
and of "natural classification" are but two ways of expressing tl!e great 
truth, that the more closely we examine into the inner nature of liYing 
beings, the more clearly do we discern that there is a sort of family 
resemblance among them all, closer between some, more distant between 
others, but still pervading the whole series. 
There is yet another way in which this doctrine has been expressed. 
In every group there is some average form, some form which occnpies a 
sort of central place, around which the rest seem to arrange themselves; 
and this form may therefore be taken as tl1e representative of the group, . 
as the nearest actual embodiment of the common plan. Such a form is 
commonly called the type of the group; and in this sense an antelope 
might be termed the type of the Rmninantia; a dog of the Can~ivora. 
It is in this sense that the word "type" will be used in these pages; but 
it is proper to remark that the term is not uncommonly applied to the 
most characteristic and marked form of a group. In this sense a cat 
rather than a dog would, perhaps, be selected as a typical carnivore. 
The phrase "family resemblance" has been used above, and it, perhaps, 
expresses better than any <;>ther the sort of likeness which exists among 
the members of a natural group; specific and generic alliance having the 
same sort of relation as brotherhood and cousinhood. But it is import-
ant to remember that the classification of animals and plants stands on 
its own basis, and is entirely independent of physiological considera-
tions. For the purposes of the classifier it is wholly immaterial whether, 
as some maintain, "species" are immutable and have taken their origin 
independently of one another, directly from the hand of the :creator; 
or whether, as others think, they are indefinitely modifiable, and have 
all resulted from the changes induced by external influences upon some 
common stock. If all forms of living beings were fossil, and we knew 
nothing about life, the natural classification of animals and plants wonld 
be exactly what it is now; except as it might be affected by the resulting. 
24 s 
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deficiencies in our knowledge. At the same time, the inquiry into the 
pm'manence or rnodifiabHitJ-~ of species is, in itself, of the highest import-
ance and interest; and it will be necessary to advert to the bearings of 
the little definite eyideuce -we at present possess upon the subject in 
some of the following pages. 
(Here follows in the original, on pages xix-xxix, a review of the 
sub-kingdoms and classes of animals; but as there are several disputed 
J•oints, and as the author himself bas since modified his views, they are not 
reproduced.) 
The Protozoa, as a whole, ~re evidently simpler in structure and less 
variously endowed than the Ccehlentera,ta; the Ccehlenterata than the 
llfollusca or Annulosa; and none of the last approach either birds or 
mammals in complexity. 
Again, a lamprey is a simpler animal than a horse, a worm than a bee. 
These indubitable facts are commonly expressed by the phrase that 
the simpler animals are lower awl less perfect than the higher, and this 
indeed, in one sense, they truly are. But we should greatly err in sup-
posing that less perfectrion implies imperfection; or in imagining that the 
less perfect animal is in any way unfitted fDr the conditions under which 
it lives. \Vere it so, its race would necessarily sooner or later cease to 
exist. If we look closely into tbe matter, it will be found that by "less 
perfect" and "low in the scale of life," one of two things is meant, either 
tirstly; that the creature of which the assertion is made is a less compli-
cated· apparatus; or secmidly, that the parts of which it is composed 
differ from one anotber comparatively little in form and structure. 
It is worth while to consider each of these cases more fully. Every 
.animal (indeed it might be said eyery living thing) has in the gross the 
.same kind of work to do: it has to take in the food necessary for its 
.support; it has to change this into other produots and to mold them into 
.its own peculiar form. Lastly, it has to exhibit that kind of reaction 
.upon external impressions which is known as ''irritability." Absorptio~, 
.metamorphosis, and irritability, these are the three great "functions" 
.of all animals. 
Now the di.fference between one animal and another, as to the mode 
.in which the functions are performed, is very similar to the differeuee 
which exists between one human society and another. as to tho mode in 
which the affairs of life are carried out. AU hunl.an wants may be 
.summed· up in two words : sustenance and freedom ; but the mode in 
which men secure the satisfaction of their wants varies with tbe perfec 
,tion of their social state. In savage life mTery Iiutn procures his own 
food, and relies for his security from constraint upon the strength of his 
.own arm. But this state of things is manifestly incompatible 'Yith any 
groat advance, either in those arts which minister to the physical, or in 
.those which satisfY the moral nature. If a man .has to find his food 
.every day he will not spend much time in cooking it; and if be is liable 
to be attacked by an enemy at all hours, he is pretty sure never to at-
.tain to much eminence as a painter or a violinist. By the necessity of 
the case, then, where every man has to do everything for himself, noth-
.ing will be done very well; no man will be m ncb better than another, 
.and none will be very far above the level of mere animal existence. 
Contrast this state of things with that which obtains among the 
:active members of a highly civilized society, such as our own. Each 
.devotes himself to one occupation, striving to carry out that in the best 
})OSsible manner; and trusting to others wllo devote themselves to other 
.specialities for the satisfaction of all the rest of his wants. There is a 
~'division of labor;" the wants of mankind are split up, as it were, into 
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a hundred subdivisions, and every man charges himself with the satis-
faction of one of these subdivisions, hoping that, in exchange, his own 
ninety-nine wants will be satisfied by others. So that, in one sense, a 
hundred civilized men may be said to be the equivalent of but one sav-
age; while, if, on the other hand, we regard the nature of the products 
of ehilization, and bafance the sum of the work done on each side, tbe 
advantage on the side of civilization is infinite. 
It is precisely this division of the physiological* labor, the organism, 
which constitutes the :first of the two great kinds of difference betwee1i 
animals. Some Protozoa have no definite aperture for the taking in of 
food, no muscles, and no limbs. Every partof the body-waH may serYe 
in turn as mouth or locomotive organ. In others there is a month, but 
no definite alimentary canal, and the contractile . locomotive apparat us 
is limited to one part of the body. In the Cmlenterata. the mouth and 
digesti,_,.e cavity are permanently appropriated to that office, though not 
separate from the rest of the cavity of the body. The motor organs are 
still more definite and serve as organs of preheusion and offense. In 
the "lfollusca the digestiYe cavity is permanent and completely separatecl 
from the walls of the bod,y. A blood system i~ developed to carr:r the 
nutritive matter to all parts of the body. Another portion of the organ-
ism is converted into muscle, and can do little but contract ; another 
has nothing to do but to form shell; another, the nervous system and 
organs of sense, is charged with the sole duty of putting the differellt 
parts of the organism in relation with one another, and with the external 
world. Thus, in the mollusk, each part of the organism is charged with 
a special function, and, to the same extent, has lJecome dependent 011 
others. The stomach that digests depends on the blood for its own 
nourishment. The muscle that enables the animal to seize its prey 
would perish "·ithont the aid of tile stomach and the blood, and would 
be ineffectual without the neryous system which guides it. The mollusk 
does no more iu the long run than the Ama:bct j it absorbs food, it molli-
fies it, and it exuil>its irritalJility, but the manner in which it docs nil 
these things is infinitely superior, and enables it to display powers of 
which the Ama:ba exhibits no trace. 
It is needless to pursue the argument further, or it would be easy to 
show that the ditl'ereuce between man and tlw mollusk, as physiological 
maehines, is of the same kind as that between the mollusk and the pro-
tozoon ; in short, physiological perfection is in proportion to the division 
of the labor of the whole organism among organs specially adap~ed to 
particular offices. 
~rhe other sense in which perfection is attributed to liYing beings is 
morphological. t The Jl[ollnsca, as a whole, are more perfect than the 
Cmlenterctta, because they exhibit a greater number of specialir,ed and 
diYersiform parts and organs, quite irrespectiye of the functions of 
those parts and organs ; and the vertebr·cttct, in their fundamental char-
acter, the possession of a true primordial internal skeleton, exhibit a 
greater , complexity of structure than any mollusk, or any annulose 
animal. 
It of course usually happens that physiological and morphologicnl 
complexity go hand in hand, but it should be remembered that the con-
junction is not a necessary one. The lowest Yertehrate animal, for in-
""PnYSIOLOGY.-The science ,....-bich treats of the forces excrte<l hy living beii1gs 
irrespective of their forms; except so far as these coutribnte to the uxertion of these 
forces. 
t Mo~PIIOLOGY.-The science which treats of the forms of living beings without re-
gard to their functions. 
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stance, is in some inorphologicalrespects more complex than the highest 
mollnsk, but physiologically it is less so. 
One other commonly-used phrase, expressive of the relation between 
different kinds of living beings, requires explanation, as its employment 
in an erroneous sense has led to grave errors. There is a current im-
pression that the lower animals correspond witli the embryonic concli-
tions of the higher; that, in the course of their development, the lower 
animal advances up to a certain point and then stops, while the higher 
g0es on. 
This notion, however, is entirely incorrect; there is no known adult 
, animal which would be regarded by any naturalist as of the same species 
with any early condition of another animal, if the two were submitted 
to him for comparison. In no stage of their existence would a compe-
tent naturalist regard embryouic reptiles, or mammals, as fishes; in no 
stage would he take an insect for a worm, or a cuttlefish for any lower 
mollusk. The whole of this idea, the truth of which has been assumed 
so often in geological speculations, rests upon a misunderstanding of an 
undoubted fact, namely, that there is a time in the development of each 
when all members of a sub-kingdom resemble one another very closely, 
and that they remain alike for a longer or shorter perio<l according to 
the closeness or remoteness of tbeir affinity. Tlms there is a time when 
the embryo of a fish could be har<lly distinguished from that of a rep-
tile, a bird, or a mammal. But the embryo fish sooner becomes unlike 
a mammal than the embryo reptile or bird; and the embryo qua<lru-
pedal mammal remains longer like a hmnau embryo than does that of a 
fish or reptile. 
Thus all animals in their youngest condition have, for a longer or 
shorter time, a similar form, from \Vhich each diverges to take its spe-
cial configuration; if one may so say, they travel along the same road for 
a shorter or longer distance, and then each goes aside to its own place. 
But this is a very different matter from any one form being an ·arrest 
of development of another. Of two men traveling together along the 
gre~tt North road, one may be going to N mvcastle and the other to 
York. But it would be a very insufficient and erroueous description of 
the journey of the one to say that is was merely that of the other cut 
short. 
3. The next great" principle of natural history of which some definite 
notion must be obtained, is the doctrine of what is called the "distribu-
t-ion" of living being·s. It is a matter of familiar experience that ele-
phants, lions, and rhinoceroses are not at present indigenous in Grea.t 
Britain; and bumming birds, crocodiles, and flying fish are as strange 
to us as are the white bear, the ermine, and the musk ox. Nevertheless, 
the latter animals are found abundantly iu more northern latitudes, 
while the former swarm within the tropics. Were any one to visit the 
countries in which the white bear and the crocodile respectively abound, 
he would discover that there was a certain northern limit beyond which 
the crocodile was never seen; and, on the other hand, that the white 
bear never ranges south of a given latitude. In other words, the white 
bear and the crocodile are found within, or are distributed over, certain 
limited spaces of the earth's surface, and lines drawn on a globe so as to 
inclose these spaces, would indicate the "geographical distribution" of 
these animals. 
There are hardly any species of animals and plants which are not in 
like manner confined within limited geographical areas, and hence if we 
were to set out from England, and travel either due south or clue north, 
• 
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we should find that a gradual change would take place in the fauna* 
and flora of the countries traversed, their inhabitants differing more and 
more widely from those of this country, the more nearly they approxima-
ted either the pole or the equator. Nor is thjs result other than might 
be naturally expected, for we know how closely dependent the health and 
strength of animals and plants are upon the amount of heat, hgJJt, and 
moisture to which they are exposed; and in tnweling due uorth or dne 
south, these climatal conditions necessarily become very greatly altered. 
A corresponding change in the flora and fauna is observed wlleu, in a 
mountainous country, we ascend from the plains to the line of perpet-
ual snow; and the animal and vegetable inhabitants of the sea in like 
manner vary in character and abundance at differeut deptlls. But t1Jcse 
cases also seem readily intelligible, for eleYation has much the same 
effect ou climate as northing; and eYcry fathom of increased depth in 
the sea corresponds with a certain diminution in . the amount of light 
and a certain alteration in temperature. 
Again there seems to be no difficulty in understanding ·why, as we 
find to be the case, terrestrial animals and plants differ from those whose 
existence is spent in the water; nor why, among purely aquatic crea-
tures, the inhabitants of fi.'esh water are usually widely differeut from 
those of the sea. ~he disGrepancy in form seems quite in harmony with 
the discrepancy in external ch:cumstances. 
But there are some other facts connected with distribution, the cause 
of which is b,y no means so obvious. If the traveler, instead of moving 
to the north or to the south of this country, journeyed east or west, keev-
ing as nearly as possible within similar climatal conditions, he would, 
nevertheless, still find that the suceessive faunas and floras through 
which he passed were widely different; and if a Yoyager were to cir-
cumnavigate the globe between the parallels of 400 and Goo S., toueh-
ing at ports in the continents of Africa, Australia, and America, the 
differences between the indigenous animals of each couutry would be 
immense, and altogether out of proportion to the ehanges jn climatal 
conditions. 
The globe, then, may be marked out by boundary lines, some of which 
run northerly and southerly, and others easterly aud westerly, into a 
number of districts or" provinces," each of which is characterized by a 
peculiar assemblage of animals and plants. And again, each district 
might be subdivided by lines parallel with the lwrizou, into zones of 
depth and of height, in each of which a certain group of this assem-
blage would flourish. It must be remembered, however, that neither 
zones nor provinces are capable of a strict limitatiou, there being alwaJ'S 
a border-land between every two, in which the inhabitants of lJoth are 
mixed. 
The phenomena of distribution in depth are particularly worthy of 
attention, from their bearing on geology; for it is ob,'ious that if we 
are enabled to lay down certain rules with regard to the depth at wllich 
particular forms live, we shall be able, when we find these forms iu au 
ancient sea-bed, to form a judgment as to the depth of that sea-bed, and 
hence, in many cases, to gather valuable indications as to the prox.imit,y· 
or distance of dry land. EYery one who has walked along the sea shore 
is familiar with certain forms of life-barnacles, limpets, periwinkles, 
*The term "I!'aunct" is applied to the whole of the animal inhabitants, "Flom" to the 
whole of the plants, of a uistrict or country. Thus, the fauna of Aii.-ica means all the 
animals found in Africa; the iiora of India, the :flora of Kent, means all the J:.llantl:l 
found in India and Kent respectively. In speaking thus it will be understoou that the 
"indigenous" animals and plants, or those which na,turally exist in a country, are alone 
referreu to. 
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dogwllelks, shore crabs, which cover the rocks between lligh and low 
wa.ter marks. During calm weather he migllt imagiue that these consti-
tuted the chief inhabitauts of the sea; but should a heavy gale of wind 
set in landwards, he is soon undeceived, for the waves, tearing up the 
sea bottom at depths greater than those which are ordinarily exposed 
by the recession of the tide, cast on shore vast numbers of new crea-
tures, such as whelks, sandstars, corallines, and great masses of sea-
"'veed, \Yith whole colonies of animals attached to them, which habitually 
remain in the deeper regions. 
Not satisfied with such accidental revelations, modern investigators 
have systematized and extended the explorations of marine depths by 
means of the use of the "dredge," a ·simple apparatus, long used by 
oyster fishermen to procure their merchandise, and, of course, equally 
applicable to the dragging up of other inhabitants of the floor of the 
sea. 
It results from a long- series of such observations that at least 1ive 
zones, each characterized by peculiar forms of animal or vegetable life, · 
may be distinguished at different depths. They are, 1st, the "littoral" 
zone, correspouding with the interval between high and low watermarks; 
~d, the "circnmlittoral" zone, extending from low water mark to the 
lowest limit at which the coral-like plant NuUipora :i,s found, a depth, in 
our latitudes, of between fifteen and twe11-ty fathoms; 3d, the "median" 
zone, characterized by the abundance of Polyzoa and Sertularidm which 
it exhibits, and by the pretlominance of carnivorous forms among its 
jlfollusca; it exteuds in our seas to about fifty fathoms; 4th, the "infra-
median," and, 5th, the'' ~byssal" zones lie beyond this, but can be hardly 
.sai<.l at present to be well defined. It is in them that our corals and 
Brachiopoda flourish. Much attention has of late been paid. to the 
investigation of the deep sea animals and plants, and numerous species 
have been found at very great depths. As might have been expected, 
from the greater uniformity of physical conditions at" such depths, t,he 
same species ha,~e been found at very distant localities, and exhibit a 
wi<.le geographical range in latitude as well as longitude. Another 
peculiarity more marked even than could have been anticipated is the 
affinity and even identity of many species with tertiary and cretaceous 
forms. 
The extreme limits of vegetable and of animal life are not known. The 
higher Algm, such as sea weeds and 1{ ullipora, are, in our own latitudes, 
not found below twenty fathoms; but it is not improbable that the 
D'iatomacem flourish at the furthest limits of life. 
Both the number of species and the number of individuals of animals 
diminish at greater depths. A greater profundity than two hundred 
fathoms is not to be reached within a very considerable distance of any 
part of the British coasts; but in both northern and southern seas living 
animals have been drawn up from more than three hundred fathoms (or 
1,800 feet) below the surface. It is important to remark that the inhab-
itants of these and still greater depths, however diminished in number, 
do not appear to become degraded in organization, but consist of Crus-
tacea, Echinodermata, Gasteropoda, Lwmellibranckiata, Polyzoa, and AcU-
nozoa, of types quite as elevated as those which are found in more shallow 
waters, but they are fi"equently less brilliantly colored than the latter. 
While the laws of distribution, as they have been at present determined, 
therefore, do not enable us to say precisely at what depth living animals 
can no longer exist, nor even to trace the influence of depth in modj(y-
ing their forms, they seem, nevertheless, to point to certain assemblages 
as characteristic of certain ranges of depth. For inst:ince, limpets and 
periwinkles appear to be absolutely characteristic of shallow water, being 
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found but a very short way beyond tide marks. The lower limit of the 
plant N'ltllipora, on the other band, seems to mark in all seas the line of 
demarcation bet·weell moderate depths (under one hundred fathoms) and 
great depths. . 
We must remember, however, in attempting to apply these generali-
zations, that as yet distribution in depth has hardly been fairly worked 
out, €\'en in temperate latitudes, and that before we can safely enunciate 
laws of general appUcation, a vast number of observations must be made 
in both tropical and arctic climates. 
The fact of the apparently capricious limitR "\\hich have been assigned 
to maD}' animals has been alluded to above. That all animals arc 
adapted to the conditions in which they liYe is a truism, for if tlwy were 
not so adapted they would not liYe, but die; but the strang·e fact is that 
we do not always find animals in those conditions for which th<'y are 
adapted. At the present day millions of horse::; run wild over the Pampas 
of South America, and these great plains are o-verspread with a peculiar 
kind of tbistle; there can be no doubt, therefore, that the elimatal and 
other conditions of this part of the American continent are eminently fa-
vorable to both horses and thistles. Nevertheless, at the period of the 
discovery of the Americas, neither the horse nor the thistles existed in 
these regions. 
In like manner, eighty years ago, neither horse, nor ox, uor sheep 
grazed the wide pastures of Australia; now thby flourish an(l run wild 
there. The same is true ofNew Zealand. The little fresh-water muscle, 
the Dreissena, now so common in our canals, baving swarmeu over 
the 'vhole country, is a recent importation from Eastern Europe. Con-
ditions most fnsorable for its existence hav-e existed for ages, and yet it 
only now reaches them artificially. However trite may be the assertion, 
therefore, that animals are fitted for their conditions, the conYerse propo-
sition, that conditions imply the existence of creatures fitted to flourish 
in them, is manifestly untrue. 
Again, the existing distribution of animal life furnishes good grounds 
for exercising the greatest caution in reasoning from tl10 population of 
one area, however vast, to that of another. A naturalist might be per-
fectly acquainted with the indigenous animal inhabitants of all South 
America and Australia, and yet not know that there were such things in 
the world as the elephant, the rhinoceros, the hippopotamus, the giraffe, 
the lion, the tiger, the horse, the ox, the _sheep, or the goat. He might 
be fully acquaiutetl with the population of all the enormous m·ea '1hich 
contains Australia and the Pacific Islands, m~d yet not only be ignorant 
of tbe animals just mentioned, but might never even haYe heard of bears, 
cats, monkeys, ruminants, sloths, or ant-eaters. Finally, the exclm;ively 
African naturalist might fairly coucluue from his own experience that 
great quadrupeds abound everywhere, and that there are no such things 
as kangaroos or opossums. 
The commonest facts in distribution, therefore, teach us that it is 
neyer safe to apply conclusions based upon the investigation of a limited 
are~, however large, to the animal inhabitants of the rest of the world. 
There is yet another caution necessary in reasoning from the facts of 
distribution. It should be well borne in mind that the connection between 
a given form and the conditions in which that form flourishes is, in the 
great majority of cases, unknown to us. The laws of distribution are 
for the most part purely empirical; they arc merely the expression of 
observed facts, of the reason of which we know nothing. If we ousern} 
species A always in a warm climate and species B ahvays iu a cold om"', 
we may conclude if we find specimens of A and B that the climates in 
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which they :flourished were respectivel,y warm and cold. The force of 
the conclusion will depend upon the extent of our pre-vious observation 
with regard to A and B. In practice, and within certain limits, such a 
conclusion is prob?,bly valid, but it is a ver,v difierent matter if the ar-
gument is put, as it more commonly is, thus: Species A and B are 
fonnd respectively in hot and cold climates; therefore species a, which 
is very like A, though not the same, and species b, which is -very like . 
B, thongh distinct, indicate that the climates in which they :flourished 
·were respectively warm and cold. 
Tbis argument, it is obvious, is only valid on the assumption that cer-
tain amouut of similarity of form implim; similarity of necessary condi-
tions; and the question immediately arises: How much similarity of 
form implies how much similarity of conuitiori. ~ 
In the present state of science no definite answer can be given to this 
question. It is not understood why some genera are well-nigh universal 
in their distribution, others limited in their area. No comparison of the 
osteology of the arctic fox and of the jackal, of the polar bear and of the 
black bear, of the musk ox and of the buffalo, would enable the ana-
tomist to tell which of these species inhabits an arctic, and which a 
warmer climate. And on the other hand, though the exi::;ting species 
of hippopotamuses, rhinoceroses, and elephants are now exclusively in-
habitants of warm climates, it is certain that very similar species 
formerly :flourished in climates at least as cold as that of England, if not 
much colder. 
That these difii.culties beset the enunciation of laws of distribution of 
general application, indicates what is tolerably certain on other grounds, 
that the existing arrangement of living beings on the surface of the globe 
is a complex result, the product of the interaction of a number of distinct 
causes. It is pretty clear, indeed, from what we know of life, that the 
presence or absence of any particular living being, on any given spot of 
the earth's surface, must depend on these conditions: 
1st. The mode and plaee of origin of that kind of living being. 
2d. Its powers of voluntary migration. 
3d. The extent to which it has undergone involuntary migration in 
consequence of changes in the distribution of sea and land, currents, &c. 
4th. The range of climatal and other conditions under which alone it 
can exist. 
If we had these data for each species, its distribution would be a matter 
of calculation. But unfortunately they are not yet ascertained for any 
species 1-vhatsoever; nor is there, with regard to one or two, that agree-
ment among men of science £1,s to the probabilities of the case which 
would be desirable. 
Thus, respecting the first condition, no one has ever witnessed the 
origin of a species, nor is there any scientific evidence as to the mode or 
place of origin of any living thing. 
As to the hypothetical views~ all the possible alternatives have their 
:advocates. There are those who suppose that all living beings were 
·Created at once, in one spot, whence the~r have subsequently·migrated; 
but persons of sound intellect, acquainted with the facts, usually attach 
themselves to one of two other views. On the one hand, some conceive 
that all living beings were created as we find th<=5m, and where we find 
them; or that, at any rate, they are the descendants of a stock created 
·within a distance not greater than can be overcome by the voluntary or 
involuntary migration of the species. Those who entertain this view 
usually suppose that a species once created can only be modified to a 
very limited extent. 
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On the other hand, their opponents maintain that there is no evidence 
that species were created as we find them, but that there is reason to 
believe that all living things are the result of the gradual modification 
of one or more primitive forms. 
Passion and the orli'lon theologicwn are too often allowed to enter into 
the discussion of these views. The trinntph of either, except so far as 
it is the triumph of truth, is to the man of science, however, a matter 
of profound indifference; and in this spirit the arguments on lJoth sides 
are thus shortly summed up: 
a. Those who maintain the first view urge that all eYidence tends to 
show that, in the ordinary course of things, living beings can only take 
their origin from pro-existing living beings; so that, even if the indefi-
nite modifiability of species were admitted, it would yet be necessary to 
suppose a direct creative interposition in order to account for the first 
germ of all; anu if we admit one direct interposition, it is said, there is 
no llifficnlty in admitting twenty or twenty thousand. To this it is 
replied, tlmt, although there may be no greater difficulty in the one case 
than in the other, yet the assumption of creative acts, being in reality 
nothing more than a grandiloquent way of expressing our i o·norance of 
the real connection of the phenomena, and our incompetence to conceive 
their origination, every reduction in the number of such assumptions is 
a clear gain to science. 
It is fnrthermore urged that the direct creation of a species is an 
occurrence which not only has no scientific evidence in its favor, but is, 
in the nature of things, incapable of being supported by such evidence. 
For, suppose that in a glass of water, perfectly free from a trace of organic 
matter, a new species of fish were suddenly to make its appearance 
before the eyes of half a dozen naturalists, not one of them would belieYe, 
or would be justified in believing: that this was a direct creation out of 
nothing. Philosophically it. would be illogical, and religiously it would 
be mere superstition to believe that which is in direct contradiction to 
our uniyersal experience of the modes of action of the Creator. 
· b. It is affirmed that, in some cases, animals and plants of the same 
species inhabit such completely separated regions that their origin, 
except by independent creation, within their present area is inconceiv-
able. One of the strongest cases of this kind is that afforded by a 
marine crustacean, sometimes seen in our :fish markets, the Norway 
lobster, (Ncphrops ?Wn,egicus.) This animal is found on the shores of 
Norway aud of the northern parts of the British islands, bnt not on our 
southern shores, nor on the Atlantic coast of France, Spain, or Portu-
gal; it reappears, however, at Nice in the 1\fediterraneau, aud abounds 
in the Adriatic about Venice. 
There appears to be no doubt that the northern aml the southern 
forms are specifically identical, and it is naturally asked, how could 
these isolated detachments of one species have migrated to such widely-
separated points without leaving some colonies on the only road which 
is open to them, viz., the western shores of Europe~· And if their 
present digtri})ution is not to be accounted for by migration, how is it 
explicable, except by supposing that the stock of each detachment was 
created where we find it~ 
Were the limits of the land and sea fixed and unchangeable, were 
there no such things as geological _change, the problem might seem to 
be insoluble. But the instability of the land and the consequent inces-
sant alteration of dry land and deep sea at the very same points of the 
earth's surface, are the first lessons of the student of geology. This 
being the case, howeyer, the argument. at once loses its force; for if by 
the submergence of Central Europe the Mediterranean anu the North 
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Seas ever communicated, the Nephrops would readily have spread from 
Norway to tlle Adriatic, or vice versa; and when the central mass of 
Europe l'OSe again, the area of its distribution would be cut in two, and 
the northern and southern fragments only left. 
That this is the explanation of the apparent anomaly would be proved 
if Nephrops 1wr1Jegicus were found fossil in any of the strata constituting 
the present land of Central Europe. So long as this is not the case it 
can only be regarded as hypothesis more probable than that of special 
creation at two points, and hence excluding the necessity of adopting 
the latter.* 
Many cases of distribution which have been supposed to be similar 
to that of Nephrops, and adduced as such by the advocates of many 
centers of creation, have been shown to be not really of the same nature, 
the widely separated forms not being in reality of identical species. 
c. The great question, however, upon which the two schools of natu-
ralists divide is: Are species permanent~ In other words, is it possible 
that any conditions operating through any amount of time upon ·any 
number of generations of a species A, shall give rise to a distinct spe-
cies B~ 
In this, as in all other instances where thinking men entertain flatly 
·contradictory opinions, the difficulty of coming to a mutual understand-
ing appears to arise in a great measure from the want of a clear appre-
hension of one another's meaning. In the present case it is probable 
that no two persons attach precisely the same signification to the word 
'' species." 
Most naturalists admit, indeed, that species have a distinct physiolo-
gical character, viz: that the intermixture of two species will not pro-
duce a fertile race, even if it gives rise to any progeny at all; but, un-
fortunately, this test is, from the nature of the case, practically inappli-
cable, not only to the great majority of living animals and plants, but 
to all fossils. 
In practice, therefore, the naturalist is obliged to neglect the physio-
logical characters of a species, and to confine himself entirely to those 
which can be founded on form and structure. In this sense a species 
is the smallest group to which distinctive and in-variable characters can 
be assigned. 
If, to use a seemingly paradoxical expression, all living beings were 
extinct-if they were represented by a limited number of fossils, and 
lay before us as things to be arranged and classified, the practical appli-
cation of this definition of species would have no difficulty. Sooner or 
later the whole organic world would be sorted out into the smallest 
parcels which could be characterized by a definition, and these would 
be " species." 
It is obvious that the task would be equally easy were all living 
beings absolutely immutable; if every member of a species were exactly 
like its fellows, and if all progeny precisely resembled its parentage. 
If every dog, for example, w:ere precisely like every other dog, and 
every puppy exactly similar to its parents, there could be Iio difficulty 
about defining the species dog, nor could there be any hesitation in 
deciding whether a given animal belonged to the species dog or the 
species wolf. 
Unfortunately for scientific ease, no such immutable forms exist in 
nature. Like everything else in the world, a living being is a compro-
"Species of the gP,nus Nephrops have, curiously enough, been found fossil iu Central" 
France (department of the Yonne) at a point about half way between the northern aml 
southern area of N. norvegicus. 
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mise, a resultant of all the forces which act upon it; and. though, like 
a planet, it tends with an immense force to move in a course of its own, 
yet, like that planet, it is affected and perturbed. more or less by all sur-
rounding conditions. 
Heuce, inasmuch as no two living beings can eYer possibly have been 
subjected to precisely the same conditions, it is not wonderful that no 
two ever were, or ever will be, precisel,y alike; nor is it strange that 
species vary in proportion to the variety of the conditions to which they 
are exposed. 
It is needless to do more than refer to facts which lie within every 
one's experience. No person is unaware of the difference in the result 
produced when two seeds from the same plant, or two animals from the 
same brood, are exposed to widely different conditions in respect of light, 
warmth, and nourishment. 
In all such cases, however, the modification is limited in amount, and 
no ·modification of conditions will so mask the characters of the snecies 
as to prevent their recognition in either the stunted or the overgrown 
individual. For every indiviUual, therefore, it can hardly be doubted 
that specific characters are permanent and immutable. Do what you 
will with a sheep-dog puppy, you will not turn him into a wolf. 
It iH obvious, therefore, that thus far the influence of conditions can 
he shown to have no appreciable effect in permanently modifying spe-
cies; for, if the offspring of the modified individual were in all respects 
like its parent before the modification of the latter, it is clear that the 
whole influence of the modifying conditions would only bring it to the 
same point as the parent; that the modification in any number of gene-
rations would go no further; and that when the influence of these con-
ditions was removed, the species would at once return to its primitive 
and typical form. Thus, suppose a pair of sheep-dog puppies could be 
converted into greyhounds by a peculiar course of food and training; 
for anything which bas been yet stated they would produce puppies 
which would only become greybouuds und..er a like course, and if left 
to themselves, woulU resume their pure and unchanged sheep-dog char-
acter. 
Now, in nature this is not the case, by reason of the great fact of 
hereditar-y transmission. Every liYing being is, it has been said abo ... ,-e, 
the resultant of all the forces which act upon it; the statement :.s in-
complete unless we add: and which ha/t'e cwted upon its parentfl 
The forces in question are divisible into two classes: the one more 
powerful, intrinsic, impressed upon the germ, and causing that germ 
invariably to tend toward the production of a given form; the other 
weaker, extrinsic, consisting of all those assisting, modifying, or even 
destructive influences which resid..e in the surroundiug uuiverse, and 
which are called external conditions. 
]'or every individual living thing, this distinction into intrinsic and 
extrinsic forces is absolute; but the law of hereditary transmission 
obliges ns to admit that it may not be so for a series of generations. 
For hereditary transmission means simply, that a modification under-
gone by a parent more or less affects it~ otl'spring-the offspring tend..ing 
to reproduce that modification. Thus in the imaginary instance given 
above, the o:ff~pring of the modified sheep-dog, even if placed in entirely 
indifferent conditions, would have a tendency to assume greyhound char-
acters. The intrinsic force of that germ, its tendencies, wonld be thus 
far modified by the influence exertet.l by external conditions on its parent. 
The operation of an extrinsic force ou one generation may become in the 
next an intrinsic force. 
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But it is obvious that if once the influence of hereditary transmission 
in modi(ying the tendencies of the germ (and no one denies it) be ad-
mitted, it is very difficult to say where the modification of a given species 
shall stop. 
Here, therefore, is the battle ground of those who admit and those 
who deny the indefinite modifiability of species. On the one side are 
adduced the two indubitable facts, firstly, that certain unquestionable 
modifications of one and the same species, such as the dog, are, as 
Ouvier says, more different than any wild species of the same natural 
genus; secondly, that the admission of indefinite modifiability reduces 
the production of species to the ordinary course of nature, and accounts 
equally well for all the phenomena with any other hypothesis. 
On the other side are the equally unquestionable truths that specific 
characters are retained under even extreme modifying influences with 
great tenacity, and that artificially produced modifications tend, if left 
to themselves, to return, more or less nearly, to their primitive specific 
character. It may be doubted, however, if these propositions are really 
inconsistent with the doctrine of indefinite modifiability. 
At present the evidence before the naturalist can hardly justify him 
in declaring his absolute adhesion to either view, but according as he 
inclines one way or the other, so will it he probable that his views as to 
the limits of species will vary. He who leans to the hypothesiR of indefi-
nite modifiability will tend to neglect, and he who inr..llines to that of 
the fixity of species will tend to exaggerate, minute differences. As the 
case now stands, those who wish to adhere to the golden mean must put 
their trust in common sense, a perception of the needs of science, and 
that sort of tact which can be gained only by incessant practical work-
ing at species.* 
4. So much for those laws of natural history which help us to under-
stand what the various forms of living beings are, and how they vary. 
The next most important question is, do animals and plants, as they die, 
perish anti leave no trace behind, or what becomes of them~ 
The answer to this question must be different according to the par-
ticular kind of animal orp1ant to which reference is maP-e. The fungus, 
which springs up in a night, dies, decays, and is swept away as rapidly; 
and the soft marine jelly-fish or worm may leave no more permanent 
traces of its existence. Carnivorous and herbivorous animals, again, 
destroy and efface an recognizable signs of the existence of multitudes 
even of those living beings which are, physically and chemically, better 
qualified to endure. Again, though it be a fact that ~he great majority 
of both animals and plants are provided with parts sufficiently hard and 
indestructible to resist the ordinary causes of decay for a very consider-
able time, nevertheless exposure to damp and change of temperature in 
the case of the remains of land animals, and the incessant wear and tear 
of watery action among aquatic creatures, would sooner or later destroy, 
or so deface as to render unrecognizable, the trunks of the hardest 
wooded trees and the most solid bones and shells; and this would take 
place in a space of time which, however long to us, is a very brief period, 
geologically speaking, were it not for the very simple but effi~ient 
preservative agencies which are brought into play ~y the very same 
causes. 
The hard parts of terrestrial animals and the remains of land plants 
are, indeed, to a great extent destroyed, by their exposure to the condi-
*It should be noted that these pages were written before the appearance of Mr. 
Darwin's book on the" Origin of Species," a work which has effected a revolution in 
biological speculation. 
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tions enumerated above; but it occasionally happens that accidental 
floods t:lWe.cp them a way into low grounds, hollows, or caves, where they 
rest and become co\·ere<l up with th~ fine mud deposited as the waters 
Fmbside; or liYing animals may be swallowed np in peat-mosses and in 
Rwamps; or their remains may be exposed to the action of springs 
highl.r charged with calcareous matter, and thus become coated with 
carbonate of lime; or the wind may envelop them in drift sand; and in 
all these instances they will be more or le.:;s effectually protected from 
further change. . 
The imbedding and preservation of the exuvia of those marine ani-
mals and. plants which are not destroyed by the caruh-orous and herb-
iYorous races, on the other hand, is hardly a matter of chance, but must 
alwa.ys iueYitably take place. The sea is incessantly wearing away the 
sl.Jores against which it beats, and the shallow grounds over which its 
currents and tides race, undermining and cutting them away, and grind--
ing the fragments down by tlleir mutual friction into boulders, shiugles, 
pebbles, sapd, and mud. It then carries away the finer materials, and 
spreads them over the deeper and quieter portions of its beu, where 
they are arranged in successive layers, which gradually rise into banks 
of mud and sand. Brooks and streams, coustantly bringing down sim-
ilar materials fi.·om the higher grounds inland, add to theRe deposits, or 
form similar ones peculiar to themselves, thus giving rise to the "deltas'' 
and the "bars" found at the mouths of most rivers. In· all the 
quieter and not too deep parts of the sea bed, therefor.:', it is as if a con-
stant though very slow rain of fine earthly particles were going on, and. 
consequently every dead shell, every undestroyed bone, which is left on 
the bottom, is sooner or later cm~ered up and protected from further 
destruction. Just as the showers of :fine ashes which fell from Vesuvius 
seventeen centuries ago so covered up and protected the remains of 
Herculaneum and Pompeii, that even now the smallest relics of Homan 
daily life are preserved for our inspection, so may the muddy deposit 
now taking place over a large extent of the present sea llOttom preserve, 
for the inspection of future generations, the remains of tllC creatures at 
present living and dying there. 
For the sake of clearness it has been provisionally assumed that, in 
all these instances, the organic bodies haYe been preset·ved by lJeing 
t enveloped in masses of inorganic matter; that the mud which forms the 
bottom of seas and riYers is, in all cases, pulverized roek brought from 
othet· localities. It is very rare, however, to find mud purely of this 
character, and there are some remarkable accumulations at present 
taking place, of which every particle is derived from org·anisms whic]). 
have once lived, the apparent mud, in which the large organisms are 
· imbedded, being nothing but a mass of shells of minuter forms inter-
mingled with fragments of larger ones. 
5. Most important consequences flow from a recognition of the fact 
that the modes of preservation of the remains of animals and plants 
last described far outweigh every other in importance an.d extent. This 
may be made more clear by again using the instance of Pompeii and 
Herculaneum as an illustration. Suppose that long after these cities 
were buried others had been built over them by some of the many bar-
barian invaders of Italy, during the decline of the empire, all<l that 
after a while Vesuvius had entombed these under another shower of 
ashes; and that these had, after a few hundred years of existence, un-
dergone a like fate, so that the whole of this part of Italy was buried 
under volcanic accumulations, on the surface of which flourished the 
villages and vineyards of a race ignorant of the existence of a previous 
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condition of things. And now suppose a well to be sunk, or an excava-
tion made for some purpose or other, clown to the original founda.tion 
of Pompeii; the digger would pass through three layers of volcanic 
accumulations, separating the foundations of as many cities, differing 
in the style of their architecture, in their sculpture, their paintings, and 
their utensils, and clearly showing that they belonged to three separate 
nations. It would be quite clear, again, to the excavator, that the high-
est city must be the latest and last lmilt, the lowest the earliest; and hr 
could arrive at no other conclusion than that three several races had 
flourished and perished, one after another, on this Yery spot in ancient 
times. For how great a space of time each race had remained, and 
what was the absolute antiquity of any one, or of the whole, he would 
be unable to say; but their relative antiquity-the chronology of the 
series, would be plainly indicated by the order of their superposition. 
Exactly the same reasoning is applicable to the beds of mud and 
sand which are now accumulating and gradually hardening into rock .at 
the bottom of our present seas. Those layers whieh are at present being 
deposited, necessarily lie above those which were formed iii the same 
locality a year ago; and these, above those of tl;te preceding year; 
while, on the other hand, they will he covered up by deposits of future 
years. Therefore, it follows, that if ever the present sea beds are up-
heaved, so that their composition may be examined, the future o1Jserver 
will find the beds containing the remains of marine animals and plants 
superimposed upon one another, in precisely the same order as they are 
now being formed, the oldest at the bottom, the ,youngest at the top; he 
will be furnished by their order of superposition with an accurate 'relct-
tive chronology of the changes which are now taking place; bnt without 
the introduction of other considerations, he will, of course, be unable 
to assign the absolute period at which any bed was deposited, or the 
time occupied in the formation of ,the whole. 
The antiquarian called upon to estimate the probable absolute age of 
the oldest of the cities in the imaginary case stated above, woutcl~be 
guided by what he knew of the time required to build cities; by his- · 
torical evidence as to the conditions under which nations replaee and 
extirpate one another; and by physical considerations based upon a 
knowledge of the mode and rate of the formation of volcanic aecumnla-
tions of a given thickness; but even then, he would, probably, prefer to • 
state the minimum rather than the maximum antiquity. And so the 
future naturalist, should he- have no other light than the strata-now 
forming themselves afford, can only be guided, in his estimate of their 
antiquity and of the period occupied in their formation, by his knowl-
edge of the average duration of animal life, and of the rate at which 
sediment of a given thickness can be deposited. He may as well as-
sume the remains before his eyes to be accidental " sports of nature" 
at once, as speculate upon any other foundation. 
Just as our only means of comprehending the civil history of the 
past is to apply to ancient times those principles which a careful study 
of the actions and motives of our contemporaries leads us to believe are 
of universal application to mankind, so, in endeavoring to interpret 
the monuments of the ancient world of geolog,y, we must ·be guided by 
what we know of the present creation ; and thus having learned what 
living creatures now exist, how they are constructed, and how their re-
mains are becoming imbedded in the rocks now forming, we are ready 
to enter upon the inquiry as to what forms of life animated the ancient 
worlds, how they were constructed, and 4ow their remains have been 
handed down from those remote ages. 
PRINCIPLES .AND METHODS OF PALAEONTOLOGY. 383 
6. There are yet one or two collateral points which require discussion. 
Supposing that the present bed of the ocean were upheaved and be-
carne exposed to view, so that we could examine the organic contents of 
all the strata of mud and sand which have accumulated aud hardened 
into stone for the last four or five thousand years, ought we to expect to 
find, at any one spot, a complete and unbroken series of the remaius of 
all the creatures that have ever lived there~ Assuredly not. In the 
first place, it has already been explained that there are ;1mny auimals 
entirely devoid of parts sufficiently hard to he preservalJle, and of tlwm 
every trace would have disappeared. It is important tQ remark that a 
naturalist who should have become acquainted with the presen t animal 
creation only in this way, ·would be ignorant of the existence of many 
genera and families, of some orders, and even of one or hro entire 
classes; but no snb-kinguom would be without abunuant representa-
tives, and, therefore, he would be perfectly acquainted witl1 all the great 
types of organization at present existing. There would neeessarily be 
defects in his knowledge, bui these defects would by no means interfere 
with his obtaining a very clear and just, though not complete, idea of 
the present state of things. 
But there are other and more formidable sources of imperfection iit 
our palaeontological knowledge. Not only does the very nature of some 
animals present an insuperable bar to the preservation of a complete 
record of organic life in the rocks contemporaneously formed, but it is, 
to say the least, excessively improbable that a complete series of even 
those organic bodies which are preservable should be found at any one 
spot. For modern research teaches that the level of the land is con-
stantly changing; slowly but surely, some countries are rising, while 
others are becoming depressed; and there is good evidence that, in some 
parts of the world, several alternative movements of elevatioll and de-
pression have taken place within a comparativel~T modern period. Now, 
whenever the bottom of the sea becomes dry land, or the dry land sinks 
to the bottom of the sea, there must obviously be an interruption in the 
series of living inhabitants, aquatic forms replacing terrestrial, or 'rice 
versa;. Thus, should the sea bottom be raised into dry land, alHl then 
depressed again so as to be covered with fresh deposits, the "Thole mass, 
when subsequently elevated and exposed to view, will exhibit a break 
in the series of marine organic remains, corresponding in magnitude 
and importance with the interval during which the sea bed remained in 
the condition of dry land. It is probable that there is not a single spot 
on the earth's surface which bas not been thus subjected to man:y altera-
tions of elevation and depression, and, hence, we may safely infer that 
no single series of superimposed strata can contain a complete series of 
even those forms of past life which have flourished in that one region. 
But, if this be true of those marine animals whose chances of preser-
vation are greatest, whose hard parts contain so little animal matter as 
to be not worth attack on the part of predacious organisms, which are 
sufficiently dense to resist the destructive agencies to which they must 
almost necessarily be exposed before they are proteded by sediment, 
and whose locomotive powers are insufficient to enable them to escape 
by migration the imminent fate threatened by changes of level, how 
much more fortuitous mnst be the preservation of those remains which, 
like the bones of the marine Vm·teb1·ata, contain much animal matter, 
and are comparatively soft, or which belong to entirely terrestrial crea-
tures. And, in fact, it is among the rarest of occurrences to finu th<~ 
bones of a dead wild quadruped, or bird ; or to dredge up from the sea 
bottom a relic of a fish or of a porpoise, abundant as these animals are 
in our seas. 
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We turn to the examination of the collection of fossil remains, then, 
bearing this truth clearly in our minds, that at best it contains only an 
imperfect record of the past; that it is a history, some of whose leaves 
are certainly torn out_:wc know not, bow many or how few-though, 
judging by the present condition of things, we surmise that their teach-
ings would not contradict any duly limited deduction from the informa-
tion we deriYe from other sources. 
lil.-APPLICATION OF NA'l'URAL HISTORY TO THE ELUCIDATION OF 
FOSSILS, OR "P .A.LAEONTOLOGY." 
1. .An important question meets us on the threshold, as it met those 
who first directed their attention to fossils: How do we know that these 
curiously-formed bodies, often to all appearance of one substance with 
the rock in which they are imbedded, really are the remains of creatures 
which have lived~ How do we know that they are not what the ancients 
supposed them to be, lusu.s natttrm, sports and freaks of inorganic nature, 
produced in blind imitation of living bodiet:~, just as the hoar frost on the 
window panes simulates the foliage of a tree "? 
We know that fossils are the remains of animals and plants by pre-
cisely the same common-sense reasoning as that which led Robinson 
Crusoe, seeing the impression of a human foot on the sand, to conclude 
that a man bad beeu there. The foot mark might by possibility have 
been an accident, a lusus naturm, but pending the proof that it was so 
the precautions of the shipwrecked mariner exllibited the soundness of 
his judgment. We cannot experimentally prove that fossils are truly the 
remains of dead animals and plants any more than we can expe:;imentally 
demonstrate that the utensils recently brought home from the arctic re-
gions really belonged tothecrewofthe "Erebus" and "Terror;" but all the 
facts, the condition in which the things were found, the marks npon them, 
agree with this hypothesis, and none oppose it. On like grounds, our be-
lief that fossils are the remains of beings which once lived has acquired 
firm hold and remains unshaken; the ·conditions under which they are 
found, and all their marks, agree with the hypothesis; while increasing 
knowledge, so far fi·om shaking, is incessantly, and in very wonderful 
ways, strengthening the foundations of this as of every truth. 
2. The extent to which it enables us to reason to the unknown is com-
monly, and in a great measure justly, regarded as one of the •bes~ tests of 
the truth or falsehood of a scientific theory, and none has ever more bril-
liantly stood the. application of this test than that now referred to. For 
. if fossils really are the remains of living beings we may reasonably ex-
pect, in the absence of evidence to the contrary, that the animals and 
plants of which they are the exuvia came under the operation of the same 
great law of the invariable correlation of organic peculiarities, which has 
been shown above to be manifested in the present creation, and it might 
be fairly anticipated that the same logical process which enables us to 
reason from the structure of the hair of a recent animal to its whole frame, 
or from the peculiarities of the wood· of an existing plant to its fruit, and 
tbe·minor particulars of its embryology would be equally available when 
applied to the extinct inhabitants of the world. 
The magnificent researches of Ou vier first practically demonstrated 
the justice of these surmises, and showed that the laws of correlation of 
parts deduced from the observation of living animals hold good to a won-
derful extent among the extinct forms; so that to one as thoroughly 
acquainted as he was with the detail,s of animal organization, an isolated 
fragment of a fossil bone, or an odd tooth, was, frequently, sufficient to 
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inflicate the general affinities of the animal to which it belonged; and to 
justifY him in making those wonderful predictions of what would be the 
nature of its other parts, which were so often to be verified in the course 
of future inYestigations. 
One of the most remarkable examples of such successful prediction is 
that which Cuvier himself mentions as "a very singular monument of 
the force of zoological laws, and of the use which may be made of them." 
From the famons gypsum quarries which furnished so many occasions 
ior ihe display of hit; genius and knowledge a block was brongllt con-
taining the imperfect remains of the skeleton of a small animal; the 
shape of the lower jaw and the characters of the teeth were such as are 
alone known to exist in the order of marsupial animals, of which tha 
opossum and the kangaroo are the most fami1iar examples. But all 
kuown Jllars~tpialitt possess two remarkable appenrlages to the ''pelvis" 
or bony girdle of the hips, which are termed the "marsupial bones," be-
cause they are connected with the pouch in the female. Here was a law 
of invariable correlation of anatomical peculiarities (certain teeth and 
certain forms of jaw being always associated with the presence of these 
bones) of tmiversal application to living animals; would the law hold 
good for the fossil~ Cuvier was so confident that it would, that he in-
vited some friends to witness the picking away of the stone from the 
region where he believed the marsupial bones would be found, and the 
result verified his expectation, fo~ the bones were discovered justin that 
very situation. 
3. It will be easily understood, however, that the whole of this trai:a 
of reasoning is only valid on the assumption that a certain uniformity 
bas prevailed in organic nature; that the structures which we find in-
variably associated now were invariably associated in earlier times; that, 
in short, the great laws which are expressed by our conceptions of com-
mon plaus have always remained the same. We know of no reason, save 
the invariable occurrence of the co-existence, why a peculiar form of jaw 
should alwa.ys be accompanied by the existence of marsupial bones; and 
just as certain animals now exist in which t.he marsupial bones are 
present, while the peculiar structure of jaw is absent, so it is quite within 
the limits of possibility that, at an earlier period of the earth's llistory, 
animals might have existed possessing the peculiar jaw, but deprived of 
the marsupial bones. Of course, in this case Cuvier's reasoning would 
not have been conclusive, and his prophecy might not have been verified. 
In point of fact it would not be safe in all cases to regard the laws of 
invariable anatomical correlation, deduced from the observation of the 
existing animal world, as applicable, without reservation, to the members 
of ext.inct faunas. No generalization from the structure of existing ani-
mals could be better established than that biconcave vertebrm are found, 
throughout the spinal column, only in fishes and perennibranchiate 
amphibia, <;>r hollow bones of a certain form are characteristic of birds, 
and yet we should be led into most erroneous conclusions by reasoning 
without hesitation from these data, to the structure and affinities of the 
animals to which certain vertebrffi and certain bird-like bones found in 
the mesozoic strata belong. In fact, while experience shows, with a con-
stantly increasing weight of proof, that the great laws of the construction 
of animals have been identical throughout all recorded time, and while, 
therefore, when we possess any clear indication that a fossil animal 
belongs to any one of the great groups, we may safely predict that it 
will exhibit all the other characteristic peculiarities of that group ; we 
must bP careful to remember that in many of the smaller gToups combi-
nations of organic peculiarities have existed of a very different nature 
25 s 
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from those which now obtain; and we must, therefore, be content to 
regard many of the established generalizations as only approximatively 
correct. 
As a general rule, however, it is very true that the more we learn of 
the world of fossils, the more clearly does the conviction force itself 
upon our minds, that from the earliest times of which we possess a rec-
ord to the present, no change has taken place in the general scheme of 
the organic world. There are perhaps 15,000 established species of 
extinct animals, but among them there is not one whose plan of con-
struction differs so far from any now known, as to require the estab-
lishment of even a new class for its reception. Different naturalists will 
estimate the number of classes of animals now living variously; but 
they may be safely assumed to be at least five-and-twenty distinct mod-
ifications of the five great primitive common plans; and yet so com-
parati-vely slight has been the change since the earliest times, that the 
whole extinct world will not supply us with a six-and-twentieth modifi-
cation. If we descend to the next smaller divisions, to the orders, the 
same fact becomes apparent ; at the very lowest estimate there are 
not fewer than between a hundred and thirty and a hundred anu forty 
orders of animals, and out of these, at the most, not more than fourteen 
or fifteen are represented only by extinct forms ; that is to say, in the 
whole range of geological series not more than ten or twelve per cent. 
of ordinal types, different from those which now exist, having come into 
being.* 
4. The history told by the records of the organic world is in perfect 
harmony with that which is written on the face of inorganic nature. 
The thickness of the crust of the earth, down to the greatest depths to 
which man has been enabled to penetrate, is to a great extent composed 
of strata of rock, the physical and chemical peculiarities of which 
evince their identity with the products of the present operations of 
nature. Beds of conglomerate containing round pebbles demonstrate 
that the sea beat against and broke up its rocky boundaries then as 
now, rounding and polishing the fragments by incessant friction as it 
wears them on any modern shingle beach ; fine-grained limestones and 
sandstones show that, then as now, the finer products of their attrition 
were carried away and deposited, in the form of beds of mud, upon the 
deeper and quieter parts of the sea bottom. Vast and frequent inter-
ruptions in the regular series of bed prove that, in ancient times as at 
present, the solid crust oscillated, so that what was dry land became 
covered by the sea, and what was sea bottom remained for long ages 
dry land. And, finally, in like manner as we know that, within the 
period of which man is cognizant, all these changes have gone on in an 
excessively slow and gradual manner, rapid and convulsive action being 
altogether exceptional, so we have the clearest proof that the time repre-
sented by the vast succession of ancient strata is enormous and almost 
inconceivable, and that gradual and regular change was, then as now, 
the rule, catastrophe and convulsion the exception. Nevertheless, as 
in the ancient organic world we have found that there is a certain amount 
of departure from what might be eaHed the by-laws of the present cre-
ation, so it is quite possible that, in the physical world of past times, 
changes may have now and then taken place with a rapidity and a 
violence to which the minute experience of man affords no parallel. An 
Ichthyosaurus is, in one sense, a sort of animal catastrophe, and as we 
are all well assured of the occurrence of this one wide deviation from 
*The number of orders is here purposely taken at an extreme minimum; while the 
highest possible value is. given to the extinct groups. 
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existing manifestations of the vital forces, so we must not be too sure 
that corresponding departures from the usual order of the physical 
world have not occurred in past times. 
The same analogies which demand this caution, however, fully justify 
us in concluding that throughout all geological time the great physical 
forces have obeyed similar laws. The gravitation of matter, its hard-
ness, the effects of heat and of chemical affinity upon it, have been the 
same, we have every reason to believe, from the Cambrian ·age to the 
present, and, as a consequence, it cannot be doubted that the vital 
actions of the trilobites were governed by the same physiological laws 
as those by which we now live and move and have our being. For, 
leaving the phenomena of consciousness out of the question, physiology 
is but an application of physics and chemistry. 
5. Now, just as the restorations of the palaeontologist imply his confi-
dence in the uniformity of the great laws of morphology throughout all 
time, so the chronology of geology, the basis of the whole science, rests 
upon a like assumption with reff.ird to the general uniformity of the 
laws of physics and chemistry. It would be ridiculous to argue from 
the superposition of ancient beds, unless we assumed that their con-
stituent particles gravitated in the same way then as now; the identity 
of mineral character of two beds could pro\e nothing, without the as-
sumption that the laws governing chemical changes have always been 
the same; and, in like manner, we can reason on the general habits of 
ancient living beings only on the assumption that the great laws of 
physiology were the same then as now. No half measures will avail; 
we must be prepared either to assume the general uniformity of ancient 
and modern action, or we must give up the problem, for no other hy-
pothesis affords the least criterion of truth, or the slightest chenk upon 
the play of the imagination. But if we may argue from like effects to 
like causes, then geological chronology is as much a matter of science, 
and capable of being tested as thoroughly, as any other case of succes-
sion. 
The arguments on which these chronological considerations are 
founded are simple and intelligible enough. It has been already proved 
that, in the present state of things, the lowest of any series of beds which 
have been deposited from water is of necessity the oldest. If, then, 
the great majority of the ancient strata have also been deposited from 
water, if they are nothing but the hardened muddy beds of ancient seas 
and lakes, (a fact of which there is abundant evidence,) then the same 
law necessarily applies to them-the lowest stratum is the oldest, and 
the superjacent beds have all been deposited during a subsequent period. 
The argument applies with equal force to the whole crust of the earth, 
and if we could tell how much time was required for the formation of 
each bed, we should, by adding all the periods together, arrive at the 
smallest possible interval which can have elapsed since the deposition 
of the oldest bed. We have no data sufficient to enable us to say, with 
any approximation to accuracy, how long it takes to deposit sufficient 
mud or sand to form, when hardened, a layer of rock two feet thick; 
but we are quite safe in saying that neither lake nor sea ever deposited 
that amount upon its bed in the course of a year.* Now the total 
measured thickness of ancient strata, deposited either from fi'esh or 
salt water, is not less than 60,000 feet, (or about twelve miles,) so that, 
*Exceptional deposits, as, for instance, by earthquake floods, are hero left out of 
consideration, as they can ha;ve had but little influence on the sum total of the aqueous 
formations. The total thickness of the latter here assumed is mitlway between the 
estimates of Professor Phillips and Sir C. Lyell. 
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even assuming them to have been deposited, without interruption, at a 
rate faster than any sea or lake deposits mud now-a-days, we should 
still require a period six times as long as that of which any human 
record exists, for their formation~ But, in truth, when we take into 
account the probably immensely greater time required for the formation 
of two feet of sedimentary deposit, the vast amount of rock which has 
been formed and subsequently swept away by denudation, so that it is 
not reckoned in estimating this total thickness of the strata, and the 
possibility that masses of strata, which will require interpolation in the 
general series, lie hidden from our view in parts of the world which 
have not yet been examined, or under the present bed of the sea, the 
most sober calculator will hardly venture to limit the factor by which 
even a period of thirty thousand years should be multiplied to give the 
whole period recorded by the monuments of geology. 
The conclusions here drawn from the facts of physical geology are in 
perfect unison with the chronological indications afforded by fossils. 
Beds many feet in thickness, composed of the remains of marine ani-
mals, their shells unbroken and undisturbed, and sometimes covered 
with parasitic growths, (just like recent dead shells which remain long 
undisturbed at the bottom of the ocean,) are constantly met with. Here 
and there are thick strata, composed of nothing but the remains of 
microscopic plants and animals, which must have required a vast time 
for their aggregation; elsewhere, the vestiges of huge coral reefs testify 
that innumerable generations of their slowly-growing fabricators must 
have lived and died undisturbed, in one locality; and, in some places, 
enormous accumulations of the bones of large vertebrata, each individ-
ual of which must have required many years to attain its full growth, 
tell the same tale. 
The two great astronomical truths to which the general mind has 
always found the greatest difficulty in assenting are, first, the doctrine 
that the seemingly fixed earth moves, while the apparently moving sun 
stands still; secondly, that the earth is but a particle, and the diameter 
of the system to which it belongs insignificant when compared with the 
vast space which separates one of the greater heavenly bodies from 
another. · Geology presents two corresponding truths, as hard to belie,ve 
and yet as well founded. The first is, that the seemingly fixed land is 
subject to incessant oscillations, while the sea, so mobile on the small 
scale, remains in reality comparatively unchanged. The other is, that 
our historical period, even if we include the widest limit to which tra-
dition would carry the records of our race, is but an insignificant portion 
of the countless ages which have elapsed since the animals, the remains 
Jf which are exposed to view in the Lower Silurian cases of this collec-
tion, lived and died, and were buried in the oozy bed of the ocean of 
that period. 
We are, therefore, compelled to believe that a general uniformity has 
prevailed in the operations of physical and vital nature throughout all 
time of which we haveany record ; but just as the generally uniform and 
regular movement of the celestial bodies is quite consistent with minor 
and subordinate perturbations, so the proved uniformity of action of 
the causes in operation in the physical world by no means excludes the 
possibility of occasional sudden and immense changes, or ''catastrophes,'' 
as they have been called; nor does the equally evident general uniformity 
of plan predominant throughout the ancient fauna and flora in any way 
interfere with very great and important deviations from those which 
now exist. 
REMARKS ON THE "CARA GIGANTESCA" OF YZAMAL IN YUCATAN. 
BY DR. ARTHUR SCHOTT. 
Of the many remarkable relics of ancient Maya civilization, the little 
town of Yzamal, situated about thirty miles east of 1\Ierida, bas a con-
siderable share. One of the most valuable, because mythographically 
most eloquent, is the so-called "Oara Gigantesca," (gigantic face,) a colos 
sal work in stucco on the east side of a solidly built stone dam, running 
north and south between various sacred mounds, or " kues," as the 
:Mayas call them, and of which the historians of the Spanish conquests 
mention ten or eleven as in existence almost intact, shortly after the 
subjugation of the peninsula. 
Stephens, in his "Incidents of Travel in Yucatan," also speaks of 
the curious face on the wall, which he had visited in the courtyard of 
Seilora :l\Iendez. This author, however, devoted only a few cursory re-
marks, together with an equally unsatisfactory illustration, to a subject 
'vhich well deserves the close attention of thR antiquarian. 
There is nothing in the features of the image which should be desig-
nated as stern and harsh, as 1\fr. Stephens has done, for the onl3r strauge 
feeling this face may produce is caused by the colossal scale in which 
the whole work is projected. Otherwise the face, with its oblong, oYal 
outline1 exhibits what the Spanish define as a "cm·a angosta," (narrow 
face,) in opposition to the broad, square type of the common Indian of 
the land. The features are ratller feminine, which is only a generally 
recognized peculiarity of the .American aborigines. The whole face ex-
hibits a very remarkable regularity and conforms strictly to the unh·er-
sally accepted principles of beauty, which have been handed down to 
the art of the present day by the masters of ancient Greece. A verti-
cal line drawn OYer the forehead, nose, and chin, divides itself naturally 
into three equal parts, each of which corresponds exactly to the fi·ontal, 
nasal, and maxillary regions. The opened month, bringing the upper 
teeth almost into full view, together with the rounded nostrils and the 
slightly elevated tip of the nose, impart to the whole a singular expres-
sion, which is certainly not accidental, but agrees strictly with the sup-
posed purpose for which this face was made, and which will be more 
manifest by the following remarks. 
The outline of the face or head varies from the Greek oval by ap-
proaching nearer to a rounded oblong, for the cheek and jawbones 
are rather more <leveloped than the rules of classic beauty would admit. 
The hea<l-dress in the shape of a mitre is encircled just above the fore-
head by a band, which is fastened in front by a triple locket or tassel. 
A singular deviation from nature is exhibited by the ears, which are 
made to project forwar<l. Uuder the chin three flat stone plates pro-
ject, while the space on both sides of the head is filled up with numer-
ous arabesque curves of various kinds. The whole of this remarkable 
piece of stucco work occupies a space of about ten feet square. 
There is little doubt but that this work in its time must have served 
as a sort of altar, upon which the offerings of burnt incense were de-
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posited accompanied by the prayers of the devotees. Mr. Stephens 
also held this opinion not only on the strength of certain popular tra-
ditions, but by virtue of some direct historical accounts of the 1\tfayas. 
The blackened and charred marks on the three stone plates below seem 
to corroborate this assertion. Whether the image was once intended 
to represent a deity or demi-god cannot now be proved to a certainty, 
but its nature can reasonably be guessed at, so that it may properly be 
taken as ·a representation of Ytzamatul himself, who was the semi-divine 
founder and legislator of the ancient realm of Y tzmal, now Y zarnal. In 
order to enable the reader to judge for himself, an extract from the 
early history of the l\tfaya confederation in Yucatan may be acceptable . 
.After the fall of the first Maya empire during the eighth century of 
our era, when Chichen Itza, the then center of civilization, lost her 
prestige as the principal city, Ytzmal became the foremost place in the 
country. Here ruled Ytzarnatul, the son of the true, living God, as he 
was believed to have been. None ever knew whence he had come, for 
whenever asked as to his origin he invariably answered: "Ytzen caan, 
Ytzen muyal," which means, '~I a1n the dew of heaven, the substance of 
the clmtds." It is, perhaps, also not improbable that this king's name 
was more a title than a real name, for in the l\tfaya idiom it em-
bodies a whole sentence within a single word, the meaning of which 
is, ''He who receives and possesses the grace." Be this as it may, 
this name makes it obvious that its royal bearer must have been con-
sidered by his people as a semi-divine mediator between heaven and 
earth, an idea by no means novel in the history of human civilization. 
The real existence of such a personage is, in a strictly historical sense, of 
little importance, but is noteworthy for the ethnographer, that the tradi-
tional divine or semi-divine nature of the rulers and founders of empires 
is such a constant occurrence in semi-historical ages, as to be invariably 
found in some form at the comrneooement of the history of every nation. 
Ytzamatul, with his superior nature, according to Maya traditions, 
did not fail to enjoy the unbounded love and equa.Uy profound respect 
of the nation over whose destinies he presided. His wisdom as a states-
man and legislator, as well as his never failing justice as dispenser of 
the laws, gained for him so much the admiration of every one of his sub-
jects, that after his .death the honor of an apotheosis was accorded to· 
him; and in order to do full justice to his memory, and to give tangible 
proof of the general veneration for the departed chief~ his royal body 
was divided into various portions, over each of which a se1J'ulchral tem-
ple was erected. These sanctuaries soon became converted iuto so many 
places of worship, where the pious could offer their prayers and suppli-
cations. The names of some of these temples, ·each crowning at that 
time an artificial mound called " kues," have been preserved by several 
of the Spanish historians. .Among them one appears which was ealled 
"Kinich J[alcmo," that is, " Sun with the face;" another, "Kabul," whieh 
means, ''The worlcing (crea,ting) hand." 
Tradition has it that in both these temples saered fires and sepulchral 
lamps were burning day and night. Oraeles were also pronouneed there, 
and the faithful brought thither their sick and dead, which in many in-
stances became restored to health and life again by the miraculous in-
tercession of Ytzamatul's sacred memory. These plaees were said to 
have become thus famous and renowned, not only throughout the whole 
of the peninsula, but also far beyond its limits, whence a continuous 
pilgrimage was kept up. Hundreds and thousands joined in pious pro-
cessions from Cuba, Hayti, ancl J amaiea, as well as from the interior of 
Guatemala, Tabasco, and Chiapas. In order to facilitate such religious 
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national intercourse, terraced and paved highways were constructed 
leading out from Yzamal toward the four cardinal points. Of these 
colossal structures, many remnants can still be seen in various parts of 
the country, while other portions of them are lying hidden in the almost 
impenetrable woods and wilds, covering at present the main part of the 
surface of the country. In the very vicinity of Y zamal a considerable 
piece of such an ancient road can be examined within the limits of a 
village called ,., oiticum," * (pronounced Tz~ticum,) distant two Spanish 
leagues west of Y zamal. 
Among the details of our present relic, the head-dress, a mitre in form 
of an obtuse cone, with its symbolic adornments, at once indicates the 
sublime dignity of a sovereign, or, at least, of the supreme dispenser of 
the nation's laws. The cincture encircling it, together with its triple 
locket or tassel in front, is the emblem of universal power and divine 
perfection, such as was always and invariably attributed to a sovereign 
before monarchism bad passed its zenith of popular belief. According 
to the ideas of the ancient nations of this continent, as well as of those 
of the eastern hemisphere, a single band around the forehead was the 
badge of a nation's ruler. The mighty kings of ancient Persia, for in-
stance, wore nothing else, and it was only in after times that from such 
a simple adornment the golden ring, the diadem, or crown, originated. 
Among the numerals the sacred three bas ever been considered the mark 
of perfection, and was therefore exclusively ascribed to the Supreme 
Deity, or to its earthly representive-a king, emperor, or any sovereign, 
who, allegorically, stood between God and the nation, and was generally 
believed to be a descendant of the former. For this reason triple em-
blems of various shapes and applications are found on sundry objects of 
royal adornment, but especially on such as belts, neckties, or any encir-
cling fixture, as can be most frequently observed on the works of ancient 
art in Yucatan, Guatemala, Cbiapas, Mexico, &c., whenever the object 
has reference to divine supremacy. 
Behind and on both sides from under the mitre, a short veil falls 
upon the should.ers so as to protect the back of the head aud the neck. 
This particular appendage vividly calls to mind the same feature in the 
symbolic adornments of Egyptian or Hindoo priests, and even those of 
the IIebrew hierarchy. Among the many fragments of ancient sculp-
ture and architecture strewing the extensive area of ::\1ayapan, at one 
time the metropolis of l\1aya empire, several heads of the same appear-
ance, and auorned in the same way, occur, though varying a little in 
some unessential particulars. The same is the case with sculptured 
heads found at the celebrated Uxmal, (pronounced Ushmal.) A mitre, 
in shape exactly like those here referred to, also marks one of the resting 
stations of the Aztec migration, as can be seen on the Historic-Hiero-
glyphic Table, which, as a valuable relic of that intcre~ting nation, is 
preserved in the national museum in the city of l\1exico. 
Apparently more difficult to understand in our Yzamal work of art 
seems to be what is fixed in place of the ears, together with the adorn-
ments filling up the space on both sides of the head. To decipher these 
emgmatic delineations, we have, besides the direct explanations of the 
older commentators of l\Iexican history, and especially those of ClaYi-
gero, the general character of similar mythographical representations 
of other ancient and modern nations of this continent as well as those 
of Asia, which all exhibit the strictest similarity if not congruency, even 
in detail, if idiographically compared. 
*The inverted C (O) is adopted by the Spanish in the Maya grammar to represent 
the sound of tz, and can so be conveniently employed.-TnE AuTHOR. 
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Among the ancients of Mexico and Peru it was considered a princi-
pal requisite for a sovereign, or even a lord of lesser powers, that lle 
should never fail at any time to first receive the high commands of 
Heaven, which with all theocratic nations formed the base of all secu-
lar law and justice. It was likewise indispensable for him to listen impar-
tially to the supplications of those whose destinies Providence bad 
placed in his hands. Without the most scrupulous observance of such 
sacred duties no monarch or lord could rightfully and for any length of 
time enjoy the high prerogatives of his exalted station. The history of 
the Toltecs and Aztecs, like that of the Mayas in Yucatan, records sev-
er<:~! examples of reckless monarchs and transgressing rulers, against 
whom an indignant nation rose up in the defense of the outraged laws. 
Such revolutionary movements terminated, almost without an exception, 
in the loss of crown and life by the accused, and in most cases with au 
entire breaking up of the empire itself. The Toltecs on such an occa-
sion lost their whole prestige in the valley of:JVIexico. The Mayas, their 
immediate descendants in Yucatan, repeated the same twice. Here the 
first enactment of popular wrath · ended with the destruction of the 
realm of Chi chen Itza, the oldest in that peninsula. The licentiousness 
and 'profligacy of two brothers ruling at the same time, under a sort of 
duumvirate, was the cause of the uprising of the nations which cost 
the two p rinces their lives and the supremacy of that realm. In a 
similar way the kingdom of Mayapan, the then center of Maya glory 
under the dynasty of the "Oocomes," came to its end by a twenty years' 
war, the cause of which was the most insulting neglect of the nation's 
laws on the part of the rulers of Mayapan, while all the other con-
federate powers, and especially those of the kingdom of U xmal had risen 
to satisfy the offended people. The destruction of }Iayapan, a large 
fortified city of nearly three Spanish leagues in circumference, took place 
about a hundred years before the first Spanish invasion of Yucatan. 
Deaf to the sacred word of the law and deaf to the prayers of the suf-
fering subjects, these supreme lords of the nation, forgetful of their ob-
ligations, forfeited crown and life, and their defections, like an untied 
knot, necessarily weakened the very foundation of the whole political 
structure. It is, therefore, but natural if the contemplative mind of those 
ancient nations, in their ever apparent symbolism, laid such stress upon 
the hearing organ of their rulers. 
The ideological view of this particular, confessedly so taken by the 
Peruvian, Mexican, and l\1aya, may also explain the singular customs 
among the former, where the Incas and the high nobility used to arti-
ficially enlarge their ears by wearing in them from early boyhood heavy 
gold rings and other trinkets. The extraordinary size of the external 
hearing organs, by themselves so much appreciated as a mark of high 
distinction, did not fail to bring them into ridicule with the Spanish 
conquerors, who nicknamed them'' Orejones '·'-that is, "Big ears." 
\Vhetbcr or not the .Mayas ever extended symbolism to such a degree 
as to subject parts of the living body to a similar official disfiguring is 
not known; but a hyperbolic shaping of the ears or other members of 
the body on the persons of high distinction can be frequently observed 
throughout the representations of their graphic arts, and our present 
relic furnishes an unmistakable example of it. 
Here two orbicular plates with perforated center take tlle place of the 
ears. Four knobs in high-relief, probably with reference to the four 
cardinal points, divide these rings, or perhaps wheels, into so many 
equal quadrants. Rings and wheels signi(y among the glyphics of the 
Aztecs and Toltecs, and consequently also of t,he lYiayas, the space of 
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one year, as can be seen everywhere on their calendar or monumental 
slabs. If made tetramerous, as are the present ones they ma,y have 
particular reference to their quadriennial cycle, called by them Katun, 
and may serve here as a symbol of space and time combined. The ex-
act connection of thought between sign and the ear of a ruler can only 
be suggested. 
Leaving theorizing to the reader, it may be well to call attention to 
similar ideographies which were used in ancient Asia and Europe. The 
Greek, for instance, attributed to Saturnus and Kronos a wheel as a 
symbol. I'he name of the latter as well as his attributes clearly ha,re 
reference to time. Both Kronos and Saturnus are~ again, identical 
with Krodo and Satar, of the heathenish Saxons, who combined with 
these personifications the same ideas as did the Greeks, who received 
the elements of their theogony from that of older ~t\..siatic nations. 
Krodo, like Kronos, was represented with a wheel. The Greek also asso-
ciated Saturnus, as the judging ruler in the realm of death, with Neme-
sis, Adrastea, as his com;ort. Various representations of the ancient 
Orient show both these personifications-that is, Saturnus holding the 
scale of Nemesis, and she having his wheel at her feet. 
Though a direct idiosyncratic correlation between Asiatic and .Ameri-
can symbolism cannot be proved here, the example may at least be 
accepted as one of those numberless instances which comparative eth-
nography should never overlook. 
The two loopknots affixed, one above the right and the other below 
the left ear, are again the symbols of pledge or obligation, and may here 
indicate the bearer's duty to receive the grace from above and listen to 
the prayers of the afflicted below. 
The diversely-shaped curves filling up the space to both sides of the 
head represent, according to Olavigero's direct statements made else-
where, the prayers and invocations of the devoted. They curl up like 
smoke and incense while seeking entrance to the ears of the paternal 
monarch, such as history and tradition represent Ytzamatul to have 
been. 
In the earliest records of the l\iaya nation, in regard to the realm of 
Yzamal, no other ruler of such a &ublime nature is mentioned, though it 
seems that in various epochs other sections of this widely-extended theo-
cratic confederacy severally claim such primordial legislators, more or 
less modified in name and form, but all said to have been gods or demi-
gods. Thus, Ohichen Itza had her Zamna, l\Iayapan her Ouculcan, which 
latter seems to have been of still higher rank, and is, in form and 
nature, the Maya equivalent for the l\iexican Quetza]coatl. 
The mythi{.lal halo surrounding the historical record of Ytzamatul 
seems to have so much overshadowed the memory of his successors in 
office that it would be rather hazardous to connect the image on the 
wall with any other personage but with that first ruler and legislator of 
Yzamal, or, better, Ytzma1, as it was called before this name was his-
panized by the European conquerors. 
There can be but little risk in referring the " Oara gigantesca " in its 
colossal size to a representation of the one who, according to his people's 
belief, "Receives and possesses the grace," as the name of Y tzamatul is 
said to signify. 
FORESTS AND THEIR CLIMATIC INFLUENCE. 
BY M. BECQUEREL, Member of the French Institute. 
[Translated for the Smithsonian Institution.*] 
FORESTS CONSIDERED IN A CLIMATOLOGICAL POIN1' OF VIEW. 
Forests exercise several kinds of influence over climate ; but, to appre-
ciate them properly, it is necessary to define what we understand by 
climate. 
The climate of a country, according to Humboldt, is the union of the 
phenomena, whether calorific, aqueous, luminous, aerial, electrical, &c., 
which impress on that country a definite meteorological character, dif-
ferent from that of another country situated under the same latitude 
and placed in the same geological conditions. Accordingly as one of 
these phenomena predominates, the climate is said to be warm, cold, or 
temperate, dry or humid, calm or variable. Heat, however, is regarded 
as exerting the greatest influence; after this follow th.e quantities of 
water which fall in different seasons of the year, the humidity or dry-
ness of the air, the prevailing winds, the .number and distribution of 
storms in the course of the year; the serenity or nebulosity of the air; 
the nature of the soil and that of the vegetation which covers it, accord-
ingly as this is spontaneous or the result of culture. . 
1. What is the part which forests fulfill as a shelter against the winds 
or in retarding the evaporation of the rain-water~ 2. What is the 
influence of trees on the water imbibed by the roots and on that which 
exudes by the leaves, as modifying the hygrometric state of the ambient 
air~ 3. How do they modify the calorific state of a country~ 4. Do 
forests exert an influence on the quantity of water which falls, and on 
the distribution of rains in the course of the year, as well as on the 
system of running waters and those of springs~ 5. How do they inter-
vene for the preservation of mountains and of slopes~ 6. Do forests 
serve to withdraw from storm-clouds their electricity, and thus to mod-
erate their effect on neighboring and unwooded regions~ 7. What is 
the nature of the influence which they are capable of exerting as regards 
the public health~ 
From this series of questions it will be seen how much caution is to 
be observed before we pronounce on the influence which the disboscation 
or clearing away of the forests of a country may exert on its climate. 
It is necessary, first, to know the geographical position, the geological 
constitution of that country, its laiitude, its proximity to or ·remoteness 
from the sea, the nature of its soil and that of its subsoil, .according as 
one or the other is permeable or impermeable, siliceous, calcareous, or 
argillaceous-elements which must all be taken into consideration. 
These questions, with the exception of a few, not being susceptible of 
solution a priori, exact, of course, a special examination and experi-
mental study, without which we incur the risk of pronouncing an opin-
ion not in accordance with that of one who may have considered the 
*From the Atlas Meteorologique de l'Observatoire Imperidl. Folio, Paris, 1867. 
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subject from a different point of view, or embraced but a part of the 
question. Let us adduce the proofs : 
The action of forests on the climate of a country is very complex, for 
it further depends, first, on their extent, their elevation, the nature of 
the soil, and of the subsoil; second, on their orientation or direction 
with regard to the winds, whether warm or cold, dry or humid ; third, 
on the age at which they are cut, on their species, that is to say, whether 
the leaves be caducous or persistent, seeing that the radiating and ex-
halant properties are not the same at all seasons; fourth, on the season 
of rain, whether in summer, autumn, or winter; fifth, on the proximity 
of pestilential marshes, &c. 
Whatever be the action exerted by a forest, it will of course bear a 
relation to its extent, for a tree or group of trees does not act like a 
large mass; a single tree indicates, by the shade which it throws on the 
surrounding soil, that its presence is injurious to the culture of plants 
to a distance which depends on its height; the loftier the forests, the 
greater the extent of the shade; the shade depends only on the skirt of 
the forest, and to a certain degree on the density of that skirt. 
The height of the trees, if the forest has a certain density, may be 
an obstacle to the wind, according to their position in regard to the di-
rection of the latter. It is well understood that forests principally act 
as a shelter only in relation to the lower winds; the ouliquity of these 
is to be taken into consideration, as will be seen hereafter; the depth 
of the forest supplies to a certain extent the compactness in which it 
may be deficient. This action will be developed further on. The nature 
of the soil claims consideration according to the proportions of clay, 
lime, and silex which enter into its composition. In the case of dif-
ferent combinations of these constituents the effects are quite different, 
much depending also on the circumstance whether the subsoil be per-
vious or impervious. All soils, as is well known, may be reduced to the 
four following divisions: 
P · ·1 5 1. Pervious subsoil; erVIous SOl -----· --·- ··---- •••• •• •••••• ~ 2. Impervious subsoil. 
I · '1 ~ 3. Pervious subsoil; mperviOus SOI ·---- • • • • • • • • • • • • • • • • • • • • • t 4. Impervious subsoil. 
The roots of trees, by penetrating into the soil and subsoil, separate 
the particles and thus facilitate the escape of the surface waters; the 
older the trees and the more ancient the preserves, the more deeply do 
their roots penetrate, and the greater the facility consequently with 
which the waters traverse the subsoil. 
Let us examine the effects of the four kinds of soil above enumerated 
on the vegetation of forest trees. Fi1·st case. With a pervious soil and 
pervious subsoil the waters never stagnate, be the soil wooded or not. 
Second case. With a pervious soil and impervious subsoil, stagnation of 
the waters takes place when the soil is not wooded-of this Brenne and 
Sologne are examples; if it be wooded and the subsoil have not too 
great a depth, the waters readily percolate by help of the roots which 
traverse it; in the contrary case they remain stagnant. Thi1·d case. The 
soil impervious, the subsoil pervious: this soil suits only certain species 
other than the oak. Fourth case. Soil and subsoil impervious : with this 
soil forest culture agrees least of all; yet are there certain species which 
can live and develop themselves therein. The roots of trees, therefore, 
by making their way into the soil, fulfill an important part in the distri-
bution of the waters of a country. Ml\1:. Gras and Alphonse Surel, 
'from numerous observations made in the higher Alps, explain as fol-
lows the effect produced by forests situated on the sides of mountains. 
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When a sloping surface is overrun by vegetation, first b:y+ low plants, 
then by trees, the roots entwine with one another and form a net-work, 
which gives consistency to the soil; while the branches, furnished with 
their leaves, protect it from the violence of rain-storms. The trunks, 
with the offshoots and brush-wood which surround them, multiply 
points of resistance to the currents which would otherwise furrow the 
earth. The effect of vegetation, therefore, is to give more solidity to 
the soil, and to distribute the waters over the whole surface. The soil, 
being divided by the roots and covered with a spongy humus, absorbs 
a part of the waters which cease to flow over the declivities. It is thus 
that the woods act as a shelter against the force of rains in mountainous 
countries. 
The action of forests as a shelter in regard to winds is not absolute; 
for the effects depend on the height to which the wind blows. If this 
height does not attain that of the forest, the wind is arrested at every 
moment by the trees; loses its velocity; and, if the forest has a sufficient 
density, will have wholly ceased by the time it reaches its limit. vVhen it 
blows to a height greater than that oftlle trees of the forest, the latter has 
no action except on the lower stratum of the current of air, unless its 
direction be inclined; above the forest, the upper mass of air which haB 
encountered no obstacle, and which has a horizontal direction, continues 
with the same velocity. The action, then, of a forest as a shelter, is 
limited. 
Forests may act in still two other ways: when they happen to lie in 
the direction of a violent current of air, at a maximum of saturation 
with vapor, a pa_rt penetrates into the mass, the other part is dispersed 
in all directions by the obstacle presented to its passage; the portion 
which rises, if it encounters a colder stratum of air, yields its vapor to 
precipitation, and a fall of rain ensues. Again, when a current of humid 
air charged with pestilential miasms penetrates into a forest of a certain 
extent, it is altogether divested of them. It has been observed in the 
Pontine marshes that the interposition of a screen of trees preserves all 
that is behind it, while uncovered tracts are exposed to fevers. The trees, 
therefore, sift the infected air by removing its miasms. This fact has 
been reported by M. Rigaud de Lille, in his work on malaria. 
M. Hardy, director of the government nurseries at Algiers, has 
announced facts which clearly show the influence that trees may exer-
cise as a shelter. There exist in Algiers three groups of frutescent or 
shrubby plants; the :first being formed of trees with caducous leaves, 
poplars, alders, &c., which grow in ravines and on the banks of streams; 
the second comprising the agave, the cactus, the palms, &c.; the third 
consisting of vegetable species with persistent leaves, such as the olive, 
the carob, the wild laurel, &c. M. Hardy has remarked that the trees 
of the :first group which are indigenous grow rather in breadth than in 
height, and that they constantly present a large and flattened top; if 
some species happen to attain considerable altitude under the most 
favorable conditions for their development, they are observed to grow 
with vigor for some time, but arrived a~ the height of the trees of the 
country, the top becomes dry and the branches then extend themselves 
horizontally. Effects of this kind are to be seen in the poplars planted 
at Bouffarich, in the center of the plain of Mitidja, under conditions of 
humidity of soil which leave nothing to be desired for this species, and 
yet these trees are incapable of surpassing the height of from 10 to 
12 metres, (33 to 39 feet.) There are found, it is true, specimens which 
rise higher and still seem not to suffer at the top, but these are situated 
at the base of a steep hill whose crest is much more lofty than the 
trees. 
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This inability of the vegetation to rise beyond a certain height, which 
is far from being that at which the tops of such trees ordinarily stop, 
evidently proves that there exists, at a greater or less elevation, a stra-
tum of air in which development in height is impossible. This effect 
must be attributed. to the air current.of the desert, which is warm and 
dry; all trees which grow in Algeria are subject to its influence. The 
trees of the third group, the cypresses, the cedars, &c., which brave 
this influence, rise to a very considerable height. 
The principles above set forth suffice to show the part which for-
ests may play as a shelter, and within what limits they act. We are 
naturally led to examine the value of the contradictory opinions re-
specting the effects of their removal, enunciated by Arago and Gay-
Lussac, in the commission appointed in 1836 to consider the expediency 
of adopting article 210 of the forest code. " If the screen of forests on 
the maritime border of Normandy or Brittany," said M. Arago, "were 
levelled, these countries would become accessible to the west winds, 
the temperate winds coming from the sea. Hence there would be a 
diminHtion in the cold of the winters. If a similar forest were cleared 
away on the eastern frontier of France, the glacial wind of the east · 
would there be more powerfully propagated, and the winters would be 
more rigorous: the destruction of a screen of this sort in the one and the , 
other situation would, therefore, have produced efl:'ects diametrically op-
posite." 
In prin~iple M. Arago was right, but not absolutely, for the effects de-
pend on the locality where the forests are situated, on their altitude, 
and on various other causes. 
1\L Gay-Lussac used very different language: "In my opinion," he 
said, "no positive proof has thus far been obtained that woods have of 
themselves any real influence on the climate of a large country or of a 
particular locality, and especially that they have a different influence 
from that of all kinds of vegetation. It might be asked if the evapora-
tion of water is the same on a naked soil and one covered with vegeta-
tion. The questions are so complicated when considered under a cli-
matic point of view, that the solution is very difficult, not to say im-
possible. Another advantage in wooded soils which I do not dispute, 
is to promote the abundance of springs of water. And all, in fact, that 
tends to arrest the flow of rain-water and to enable it to infiltrate slowly 
into the earth, instead of passing off in torrents, is favorable to such 
springs. But once more, this advantage attributed to woods is pos-
sessed, in perhaps the highest degree, by a herbaceous vegetation ; 
the close and numerous blades, the comose and interlaced roots, com-
pose a thick and spongy mass which admirably intercepts the move-
ment of the water, retains it, and yields it up by little and little." 
On the other hand, M. Beugnot, reporter for the commission named 
in 1851 to revise, as far as was neeuful, the forest code in matters re-
lating to clearings, denied, though with less authoritati yeness than 
1\([jf. Gay-Lussac and Arago, the influence exercise<l by great masses of 
wood on the climate of a country. In his report he remarks: "The de-
partments of La Loire-Inferieure, La l\Ianche, Le Pas de Calais, Le Nord, 
La Somme, Le 1\iaine-et-Loire, are among those which are least wooded. 
Is the climate less salubrious than that of the Landes, of the Gi-
ronde, of Loiret, of Cher, and Loiret-Cher, which are among the most 
densely wooded~" "We arrive," he adds, " at the same conclusion, on 
comparing together the different countries of Europe; consequently 
the clearing away of woods is in nowise injurious to the salubrity of 
the country." 
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Less proof it would be impossible to bring to the solution of a question. 
We shall proceed to discuss each of these opinions; not contenting our-
selves, like their authorr::;, with adhering to generalities, but by a resort 
to facts and experiments, the sole means of arriving at a solution. 
M. Arago was right in saying that forests served as a shelter against 
winds, but he did not say within what limits, and yet therein, as we shall 
show, lies the whole question. The Alps, by reason of their situation 
and height, protect certain parts of the coast of the J\1editerranean, es-
pecially those about Nice and Hyeres, from the cold winds of the north. 
The same chain of mountains renders exceptional also the climate of 
Lake Maggiore, Lake Como, and the neighboring districts. Nothing 
like this would occur, at least over so great an extent, if, in place of the 
Alps, which are several thousand metres in height, there were moun-
tains of an ordinary altitude or mere hills; for, the protected surface, as 
will be seen, depends on the elevation of the mountains. Now, the ac-
tion of forests, compos_ed of the loftiest trees, having at most a height 
of from 30 to 40 metres, (100 to 130 feet,) cannot be different from that of 
simple hills. Their mass supplies in this case the compactness in 
which they are defective. 
"In the plains of Orange," says M. Gasparin, (Traite d'Agriculture, t. 
1, p.19G,) "the north wind which passes ovPr the mountains of Dauphine 
strikes the earth at an angle of about 150; whence it follows that a height 
of 200 metres (656 feet) protects a space of 2,160 metres (7,087 feet,) a 
border always reserved for the most \'aluable crops, and such as most 
shun the cold. Under the influence of such a shelter, the mean tem-
perature of the year is raised by more than 1 o; whence it is that the 
orange tree fiourishe~ in the open grounds at Ollioules and Hyeres, 
while it cannot stand the winters of Marseilles; hence, too, the temper-
ature of the air at the Lakes Como and Garda permits the cultivation 
of the olive, which dares not show itself in the plains of Lombardy." 
We will cite still auother example which furnishes an idea of the ex-
tent which may be protected by a shelter of slight elevation. In the 
valley of the Rhone, where the mistral frequeutly blows, a simple hedge 
2 metres in height (7 feet) is capable of protecting a space of22 metres 
(72 feet) in breadth, a limit which, as J\1. Gasparin observes, should 
serve as a guide in the discussion. It is by means of such shelters, 
which are greatly multiplied in this valley, that the cultivation of le-
guminous plants is possible, as it could not be without this expedient. 
In the open plains of Provence, hedges of still great_er height are ob-
tained byplantingthecypressand the laurel. All these shelters, though of 
little elevation, protect large spaces when the lower currents of cold wind 
are horizontal. In this connection, we should not forget to mention the 
different aspect presented by the two faces of the Pyren~es; the tract 
on the side of Spain, which is exposed to the winds of the south, is 
arid, while that which looks toward France is covered with pastures 
of fine vegetation . . 
The examples which we have just cited suffice to show that the action 
of forests, even when composed of trees of the tallest growth, is limited 
and cannot consequently extend to an entire country, as is maintained 
by M. Arago. 
M. Gay-Lussac is still less explicit, for he only propounds questions, 
or gives their solution a priori without proofs in support of it. He asks, 
for example, whether the evaporation of water is the same on a naked 
soil as on one covered with vegetation; he asserts, on th~ other hand, 
'that the influence attributed to trees upon the system of waters per-
tains in the highest degree to the herbaceous vegetation. The examin-
FORESTS AND THEIR CLIMATIC INFLUENCE. 39!) 
ation of these questions requires that we should take into consideration 
the following data: 
Schubler has proved that all earths do not possess the same property 
of imbibition. In 100 parts of earth desiccated to 40° or 50°, the num-
bers found, for the quantities of water absorbed, are these : 
Siliceous sand ...... _... . . . . . . . . . . . . . 2fi Pure clay ....... -- .. -.. -.-- - --.- ... - 70 
Ca.lcn:reous sand. ... _ . . . . . . . . . . . . . . . . . 29 r~ine calcareous earth .. -... . . . . . . . . . 85 
Barren chy.. . . . . . . . . . . . . . . . . . . . . . . 40 Humus ............................ - 190 
Calcareous and siliceous sands are the substances, therefore, which 
have least affinity for water, while humus is that which has most. The 
state of division, as will be seen, has an influence on the conditions of 
fine calcareous earth. It is impossible to separate, in the present case, 
the property of imbibition from that of apti~ade for desiccation, to 
which regard must be had in evaporation. Experiment proves that 100 
parts of the water of saturated earth lose in four hotus, at 13°.75 
(570 F.) of temperature: 
Siliceous sand...... . . . . . . . . . . . . . . . 88. 0 Argillaceous earth.... . . . . . . . . . • . • 34. 9 
Calcareous sand...... . . . . . . . . . . . . 75. 9 Pure clay.... . . . . . . . . . . . . . . . . . . . . 31. 9 
Barren clay.... . . . . . . . . . . . . . . . . . . . 52. 0 Lime in :fine powder...... . . . . . . . . 28. 6 
Fertile clay...... . . . . . . . . . . . . . . . . 45. 7 Humus...... . . . . . . . . . . . . . . . . . . . . 20. 15 
It will be seen from this that siliceous sand is the substance which 
allows water to escape most easily, while humus is that which retains 
it longest. Calcareous sand loses water less easily than silicious sand. 
We will further mention the results obtained by J\felloni in experi-
ments relating to the refrigeration umlergone by certain substances 
under the influence of nocturnal radiation, and which should be taken 
into consideration: 
Ratioin the 
Substances. effects of re-
frigeration. 
Plants with smooth leaves.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
Siliceous sand.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10:l 
Vegetable earth...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 
Now, the absorbing power being equal to the emissive power, it must 
be admitted that the substances will in the same time acquire heat in 
the same ratio. Such are the elements which enter into the solution of 
the question, or rather questions, proposed by J\1. Gay-Lussac. 
When rain falls ou the soil, the upper strata first become saturated, 
then the excess of water passes to the lower stratum, which likewise 
becomes saturated until the excess of one stratum completely saturates 
that which is beneath it. When the upper stratum becomes dry through 
evaporation in the air, it resumes, from that which is below, what it has 
lost, as does the latter from the third stratum, until all the water pri-
marily absorbed is dissipated. .As to the evaporation, it is eYidently 
less, all else being equal, on a wooded surface than on a merely sodded 
one. 
M. Gasparin (Traite d'Agrimtlture, t. II, p. 116) has ma<le experiments 
on the subject we are considering, and finds, on comparing the evapor-
ation of a surface of water with that of a surface of earth completely 
saturated, in the month of .August, and at a temperature of 230 to 26o, 
'(73° to 79° F.,) the following results as the ratios of one to the other. 
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First day. _____ . _ .. __ . _ . __ . __ .. ___ . ____________ - _. ---. 
Second day. ____ ... ___ .. ____ .. __ . _. _______ . _ . ____ . __ .. 
Third cla~---- ------------ ------------------ ...... ----Fourth day. ____ .. _. _ . _. __ ...... ___ • __ . _. . . . . _______ .. 
Fifth clay ....... _ .. _______ .. __ . _. _ _ _ _ _ _ _ _ _ _ . _ _ . _ . _ . _ . 
Sixth day .. ___ .. ____ .. ______ .. ___ . ________ . _ . ________ . 























Evaporation, therefore, proceeds rapidly in the earth at first, but, as 
we see, becomes finally very feeble. 
The series of experiments we have above reported show that evapor-
ation must vary considerably with the nature and physical state of the 
soil, a consideration to which no regard has heretofore been paid.; thus, 
lands covered with low vegetation, or with woods, and whose soil is 
composed of humus mixed with sand, lime, or clay, absorb more water 
than those which do not contain humus, and retain it consequently 
longer than the latter. The effects vary according to the proportions of 
the different elements which compose the soil. The infiltrations are 
greater in wooded lands than in sodded, the roots dividing them to a 
greater depth, and thus facilitating the passage of the waters wbich 
are not arrested except by some impervious stratum. The branches of 
trees provided with leaves not only form an obstacle to the e\aporation 
of the water resting on the surface, but the leaves are further constantly 
surrounded by an atmosphere of vapor proceeding from exhalation, and 
which prevents evaporation, in so far as this exhaled water suffices for 
the saturation of the air; during all this time the infiltration continues 
in the earth. Herbaceous plants, being deficient in mass, do not pro-
duce the same effect ; in fact, whoever has been in places wooded in 
part, and in part covered with sod, must have remarked that, after rain 
and exposure for some time to the sun, the sodded spaces had become 
dry, while the wooded were still damp. 
Let us speak now of the water taken up by the roots, and of that 
which is exhaled in the air. The roots of trees, as is proved by the 
experiments· of Hales, Dutrochet, Mirbel, and M. Chevreul, draw in a 
great quantity of water charged with the divers elements which go to 
constitute the sap; the surplus of the .water is exuded by the leaves, 
and continually maintains in the ambient medium a humid atmosphere. 
The water imbibed proceeds not only from the superficial strata, but, 
moreover, from the more or less deep strata into which the roots pene-
trate, and which furnish little or no water to herbaceous vegetation; 
these strata are fed by subterranean currents of water often coming from 
a great distance. Further, this water which existed in the deeper strata, 
being effused into the atmosphere, afterwards falls as dew, fog, or rain, 
and thus augments the quantity of water which the surface of the soil 
receives even at remote distances; 
The quantity of water imbibed by the roots is such that it is difficult, 
in fact, to make anything grow near trees. Several causes prevent it. 
The earth which envelopes the roots nearest the surface is often in a 
certain state of desiccation; it loses by degrees its nutritive principles, 
its lime, &c.; it becomes dense, and, no longer containing aught else 
than clay and sand, acquires compactness, and is then more permeable. 
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It llas now been shown, 1st, tbat tbeTe. exists a d.iffeTence between eva· 
l)OTatlon on a naked and on a sod(leu soil; 2u, that there is such a d.iffeT-
ence also in regard to a sodde<l soil and a ·wooded one, with the advantage 
in faYor of the latter that it better facilitates infiltration of the water; 
3d, that the quantity of water imbibed by the roots does not parch the 
soil, since, after exhalation, it again falls in the state of fog, dew, or 
rain. Desiccation only takes place when the soil is exhausted. 
I.1et us see now to what point the conclusion of M. Beugnot, that the 
clearing <."MYay of woods is neYer pr~juuicial to salubrity, has its founda-
tion in fact. This conclusion is true if the soil is siliceous or calcareous 
and the subsoil permeable; but it is not so if both are argillaceous, for 
the roots are no longer present to facilitate infiltration, unless indeed 
drainag·e is used to remove the stagnant water. Of this, Sologne, La 
Brenne, and Dombes are examples. Nor is it true if the wood~ which 
are removed existed in the proximity of swamps producing pestilential 
miasms, like the Pontine marshes. 
Let us next consider the calorific influence of forests. This influence 
has been estal>lished as follows by Humboldt and the meteorologists: 
TlH:y screen the soil from solar radiation, presen·e a greater humidity 
t.llerein, and promote the decomposition of the h~aYes and twigs, which 
are convel'ted into humus; they produce frigorific effects through the 
strong aqueous trauspiration of the lea yes, and by multiplying, through 
the expansion of the l>ranches, the surfaces, which, acquiring heat l>y 
the action of the solar radiation, are again chilled by the nocturual 
radiation. In relation to this latter action, positive experiments demon-
strate that the stratum of air in contact with a prairie or a fiel<l covered 
with grass or with leafy plants is cooled, all else being equal, under the 
nocturnal radiation, to the amount of several degrees, sometimes from 
60 to 70 or so (lOOto 150F.) below the temperature of the air at some metres 
higher up; while nothing similar takes place on a denuded surface, which 
grows warm or cool according to the nature of the parts composing the 
soil. \Ve will add, however, that, inasmuch as the leayes as well as the 
trunk and l>ranches acquire l1eat under the solar influence aud preserye 
during the night a portion of that heat, this effect must naturally coun-
terbalance that resulting from the nocttrrnal radiation. Until now, no 
account has been taken of this effect of solar radiation upon trees, 
although it exerts a considerable iufl.uence on the temperature of the 
air bQyond the woods as within them. To explain the calorific influence 
of trees on the temperature of the air, it is necessary, therefore, to join 
to the oi<ler observations those which have been more recently made on 
the temperature of the air at different heights in the neighborhood and 
at the periphery of trees. 
Huml>oldt aud Bonpland, recumbent on the grass during the fine 
nights of tile tropics in the plain of Venezuela and the lower Orinoco, 
experienced a humid coolness when the strata of air at a height of 1 or 
2 metres (3 or 7 feet) had a temperature of 260 to 27o, (79° to soo F.) 
In the equatorial and tropical regions, where the nocturnal radiation 
acts with so much force by reason of the serenity of the sky, the increase 
of temperature, as we ascend, is manifested as in middle latitudes, bl1t 
to a much greater height. lienee, in the equatorial zone, no change is 
observed in the vegetation fi.'om the lm·el of the sea to the height of 600 
metl·es, (1,969 feet;) aud beyond this, even to an altitude of 1,200 metres, 
(3,937 feet,) we still recognize the flora of the tropical zone. 
We can now explain why, under our latitudes, certain prochtets of 
culture fail in the depressions of the surface and sncceed upon hills, 
26 s 
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and for what reason vegetables are overtaken by frost in low situations 
and are exempt from its effects at heights a. little more elevated. M. 
l\fartins observed a fact of this kind in the Botanic Garden of Mont-
p~llier. Laurels, figs, olives, nearly all perish in the lower parts of this 
garden, while, under conditions of shelter wholly similar, they are safe 
at an elevation greater by only a few metres. Do we not know also 
that vines planted on the acclivities of hills produce better wine than 
those which grow at the bottom, on account of a more perfect maturity;? 
Experiments which we have made with the electric thermometer 
evince quite satisfactorily this remarkable property, that the temper~lr 
ture of the air rises from 1rn.33 (4 feet 4 inches) above tbe soil to 21~.25 
(68 feet 10 inches) at the summit of a chestnut tree, and probably from 
this summit upward to a certain height whose limit has been fixed by 
M. Martins and other meteorologists; for the leafy periphery of trees 
must be supposed to act like the soil covered with low plants, by reason 
of its great absorbing and emissive power. The mean differences 
between the temperatures of the two stations have been verified at the 
Jardin des Plantes, during se-veral years: 
From 1m.~3 to 16 metres-----· __ .. ___________________ 0° .420 
From 16 metres to 21 m.25 __________ .. ____ • ____ .... __ . 0° .580; 
clearly showing the influence exercised by low plants and the periphery 
of trees on the temperature of the ambient air through the effect of 
calorific radiation. Let us now inquire what the influence of the body 
of the tree-that is to say, of the trunk and branches-may amount to. 
Every body, not excepting trees, immersed in air grows warm or cold, 
and partakes consequently, more or less, in the variations of the temper-
ature experienced by the ambient medium, the effects produced depend-
ing on the state of the surfaces of the body, on its conducting power, 
and its specific heat. The experiments whose results we are about to 
report, as detailed in several memoirs which we have had occasion to 
present to the academy, (18Gl-'G4,) furnish the clearest proof of the 
above proposition. Some of those results are as follows: 
On examining the variations of temperature in the interior of a. maple, 
om.4 (1~ inch) in diameter and situated in a group of other trees, it was 
found that, during the months of August, September, and October, the 
mean temperatures presented no sensible difference with that of the air 
except in September, altlwugh the variations in the tree were in amount 
very nearly one-half of those of the air. 
The temperature in a tree is far from being the same in all its parts. 
If the leaves and branches promptly assume an equilibrium of tempera-
ture with the air, not the less promptly does the trunk conform there-
with, and that to a depth of orn.1, ( 4 inches.) The effects are different in 
trees exposed to the solar radiation, according to the proximity or re-
moteness of objects which absorb and radiate heat: a plum tree placed 
near a. wall, 2 metres (7 feet) thick, was covered, in the month of July, 
with leaves aud fruit; the tree was 6 metres (20 feet) in height, and in 
diameter, om.35, (13 inch.) The difference between the maximum and 
minimum of temperature had, for several days, been · from 24° to 250, 
and the temperature at the interior of the tree had ascended to 37°, 
(990 F.;) such a state of things could not long exist without weakening 
the tree, hence the leaves \vitherecl by degrees, the fruit fell off, and 
everything announced the approach of death, which took place a. month 
later; thus was produced an effect which gardeners call a. heat stroke, 
(coup de chaleur.) 
We see, therefore, that a tree becomes heated in the air like an inert 
body, and the more rapidly in proportion as its mass has less volume 
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and its bark a more considerable absorbing power; so true is this that 
when the trunk of a plum tree was enveloped to the height of 2 metres 
(7 feet) with tin, which possesses strong reflecting properties, the tem-
perature of the air being perceptibly the same as in the preceding ('ase, 
- the difference bet,veen the maximum and minimum deseended from 
130.07 to 5o,2. (230 to 100.) It will be seen fro:n this that the tempera-
ture had become more uniform in the plum tree. On removing the en-
velope, the difference between the maxima and minima increased and 
became what it had been before. 
l\fetallic mwelopes or those of straw diminishing in trees the varia-
tions of temperature and rendering the movement of heat more regu-
lar, it ~vill readily be conceived that the nature and thickness of the 
bark must exert a great influence on the calorific state of trees. Ex-
periments made ~m the Op1lntia and on other plants tend to show that 
the leaves and small branches are promptly brought into an equilibrium 
of temperature with the ambient air. On comparing the mean temper-
ature of the air with that of the interior of a chestnut tree having a 
diameter of om.5, (20 inches,) it has been found that the mean of the 
temperatures observed in the tree, during a period of tllirteen months, 
was superior by oo.36 to that of the air at its surface, and by 0°.83 to 
the temperature of the air at the north and in the shade; this ~ifferencc 
is owing probably to the fact that the thermometer was placed to the 
north and shelt€red from the sun, while the tree was shielded from the 
north winds by a neighboring building, and was exposed moreover to 
the solar radiation. Experiments made on other trees show that the 
principle of equilibrium of temperature between the air and tlle trees 
shifts with tlle lapse of more or less time, and so much the more rapidly 
as tlle -variations in the air are less frequent. In winter and autumn 
the difference is at a minimum, and in spring and summer it is at a maxi-
mum. The maximum of temperature in the air takes place, according 
to the season, between 2 and 3 o'clock in the afternoon, wllile in 
the tree it occurs after sunset. If regard be llad to the seasonH, it will 
be found that it is in summer especially that the maximum is more 
marked; it does not occur till about nine o'clock in the ey·ening. 
The heat disengaged in the organs and tissues of plants interposes 
but very feebly as regards their proper temperature, which is almost 
wholly of extrinsic deri-vation ; for its principal cause~ we must look to 
the solar radiation and tlle te:tnperature of the air. The diurnal varia-
tion of temperature in the air is easy to determine, since it is the differ-
ence between the maximum and minimum of the day. To find this 
variation in a tree is a matter of difficulty, but we may arri,-e at it, in 
at least an approximate manner, by the following means : 
Observations on temperature were made at GeneYa, from 1796 to 1800, 
at the rising and setting of the sun, and at 2 o'clock p. m., in the air to 
the north and in the interior of a chestnut tree orn.6 (24: inches) in 
diameter; the maxima and minima could be obtained by combining tbe 
temperatures at 2 o'clock and at the rising and setting of the sun, the 
maximum taking place about or after the setting of the sun, as was said 
above, and the minimum about the time of its rising; the difference 
obYiously gives the variations within the tree. By discussing the Yaria-
tions thus obtained in the air and in -the tree, it was seen that, during 
the years 1796, 1797, and 1798, the variations were, on a mean, more than 
five times greater in the air than in the tree. 
In the observations made at the Jardin des Plantes, from December, 
1858, to July, 1859, it was ascertained that the means of the variations 
of temperature in the air and in the tree were in the ratio of 3°.80 to 
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oo.8l, that is to say, that they were 4.7 times greater in the air than in 
the tree, instead of 5.89 as was realh:ed at Geneva. This difference 
depends evidently on the bad conductibility of the wood, which does not 
permit the variations of temperature in the air to be rapidly transmitted 
into the tree; it is easy to conceive that variat,ions in the air distinctly 
marked, but of short duration, cannot become appreciable in the tree. 
Tile leaves anJ young branches of trees, and the llumbler plants which 
cover the meadows, existing under the same conditions as regards warm-
ing and cooling, produce the same effects of radiation; it is in the boughs 
of a certain bulk and in the trunks, therefore, that we must study the 
influence exerted by the proper temperature of the plant on the ambient 
temperature. A green stem should be considered, in fact, as a body 
covered with an en,·elope possessing a grea,t emissive and absorbent 
power, by virtue of which its temperature is lowered or elevated inces-
santly through the effeet of the radin tion into space or of the solar radia-
tion; but when the parenchymatous tissue is replaced by a cortical tissue, 
the ligntwn which is beneath being humid and a worse conductor in a 
transverse than longitutlinal direetion, the movement of heat is then 
effected very slowly, and brisk changes of temperature are no longer 
obser\ed in the interior as in the case of the young branches. From the 
above it will be seen that the variations being much less in the stem of 
a tree of · a certain volume than in the air, if the temperature of the air 
\aries e-ven to a wiJ.e extent, but the va.riations are at the same time of 
brief duration, the calorific state of the tree is but little affeeted thereby. 
In the contrary case, the tree finally assumes an equilibrium of tempera-
ture with the air. 
E-very vegetable has need of a certain degree of beat in order for its 
tissues to perform their functions; when the temperature rises gradually, 
the parts dilate; the evaporation and circulation of the sap is acceler-
ated ; the lowering of the temperature produces contrary effects. On 
the other hand, alternations of heat and cold give a new activity to vege-
tation; thus under the tropics, the great variations of temperature during 
the day and night, in that part of the air which en-velops the trees, being 
equally manifested in the interior of the trees, this state of things pro,·es 
eminently favorable to the forest vegetation. 
The atmosphere is the source from which all plants derive the heat 
of which they have need in order to germinate, develop themselves, and 
accomplish all the phases of their existenee. The mean temperature of 
a place, the daily variations and the extremes of the temperature of the 
air, are the calorific elements to be principally taken into consideration 
in the phenomena of vegetalJle life and in researches relative to tbe calo-
rific influence of forests and of woods in general upon climate. The 
heat produced in the tissues in whieh the transformation of the sap is 
effected does not act sensibly on the temperature of vegetables; at, least 
it is not appreciable by our instruments; what they possess is bor-
rowed. 
We have ourselves undertaken several series of obser-vations on tem-
perature in different localities, both within the woods and without, to a 
certain distance, in order to ascertain the influence which forests exert 
on the mean temperature. The results w hicb we shall obtaJ_n will form 
the subject of another memoir. 
It is proper here to remark that plants possess. of themselves the fac-
ult~T of resisting for a certain time an extreme degree of refrigeration 
without suffering organic lesion, as we have ascertained in a series of 
expe.dments which leave no doubt on that point. We have been thus 
led to belieYe that there exists in the organization of v-egetables a ,canse 
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independent of conductibility, which strives against a reduction of tem-
perature below zero, and presenTes them for a certain time from the dis-
astrous effects of excessive cold. . The action \aries with the diameter 
of the tree, and probably with the species tf> which it pertains. 
In northern regions the temperature of "\"'"egetab1es compared with 
that of the air is very remarkab1e. 1\'1. Bourgeaud, under the 58th de-
oTee of latitude, at places where the temperature descends in winter 
below the degree of congelation of mercury, that is to say to more than 
-400, has substantiated the following facts: First. In the Populns bal-
samifera and Abies alba, during eight m<:mt\\s, fnml. "Ro~~mb~t, 1~51, t() 
J n.ne 1~5~, at(;) o,c\oc"k in the morning, tbe moment at wbicb l1e su1_)-
l)Ose~ the temperature to be Yery nearly a mean, tbe mean temperatures 
of the air anc1. the tree were the same; which accords with tbe observa-
tions above spoken of, and is in conformity with the principle that the 
temperature of plants unceasingly tends to form an equilibrium with 
that of the ambient air, notwithstanding the efficient causes which are 
incessantly in action to increase or diminish it. Second. The monthly 
temperatures presented little di:f:J:'erenoe in the tree and in the air, al-
though there were very great differences in the maxima and minima; 
in the month of January, for example, the maxima and minima were in 
the air + 6o, (430 F.,) and- 340.60, (- 290 F.,) and in the poplar 
-2o.2o, (280F.,) and-290.70, (-210 F.) Third. During the eight 
months of observation the mean temperature in the soil, at a depth of 
om.913 (3 ·feet) and om.G09, (2 feet,) was twice as high as in the air. 
The thaw takes place ordinarily in 1\fay, spring at once commences, 
and soon after summer arrives; the rapidity of -vegetation is such that 
the cereals sown in the month just mentioned are reaped toward the 
end of July; blossoms appear on the poplar when the temperature of 
the air is at +130.47 (56° F.) and while the earth still freezes at a depth 
of om.609, (2 feet,) and om.913, (3 feet.) The leaves display themseh~es 
in the first days of J nne, when the roots are buried in strata of earth 
where the temperature is still at zero, (32° F.;) like effects are produced 
when the branches of the vine are introduced into a conservatory while 
the stalks and roots are in the ground outside; the buds and evenleaYes 
begin to be developed when it is freezing externally at go and 100 below 
zero, (18o ancl14:0 above zero F.) We have here a new proof of the 
influence of the temperature of the air upon that of trees, showing that, 
e\en when the roots are in frozen earth, vegetation may proceed under 
that influence. The Populus balsarnJfera and Abies alba,, as well as other 
species, undergo exposure to a cold of- 40°, without injury to their 
organization, but the roots of these trees are in strata of earth which 
arc not sensibly reached by the frost. A proof that there is here a cer-
tain resistance to c.old is the faet that the greatest minima of temper-
ature, being -34°.60, (- 290 F.) in the air, were, in the poplar, only 
-290.70, '(-21° P,) and that the temperature has been twice as high 
in the tree as in the air. 
-After haYing stated the relations which have been found to exist 
between the temperature of the air and its variations, as compared with 
those of vegetables, it remains for us to show what temperature of the 
air has been realized above trees of large growth, such as a chestnut 
21 m.25 (70 feet) ju height, at the summit of which had been placed one 
of the sold~rings of an· electric thermometer in contact with the leaves. 
:Multiplied observations have demonstrated that the temperature of the 
ail' above the chestnut tree depends chiefly on the calorific state of the 
leaves and branches which warm or cool the ambient air more or less, 
according as they ha,~e been exposed a longer or shorter time to solar 
radiation, or to nocturnal radiation. 
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A tree (trunk, branches, and leaves) must, as has been said above, 
become warmer or cooler, like all bodies immersed in air, according as 
the sun is above or belo\v the horizon. In the first case, it grows warm 
from the effect of the solar radiation; in the second, it gro·ws cool from 
that of the nocturnal radiation, and this process goes on until the tree 
acquires an equilibrium of temperature with the surrounding medium. · 
When nocturnal radiation commences, if the sky be without clouds, in 
proportion as the upper branches and leaves become cool, those which 
are underneatll yield up their heat in succession to those above through 
the process of radiation. FroiQ. this it will readily be conceived that 
the strata of air which envelop the tree retain during a great part of 
the night a temperature higher than that of the strata of air which are 
remote from it. 
A tree which has been warmed by the effect of solar radiation so far 
acts as a body imparting warmth to the air, that, when a ra\n occurs 
suddenly, the temperature of the air is more lowered at some distance 
from the tree than immediately around its periphery. Of this we will 
cite an exemplification. On the 9th of May, at one o'clock, after a strong 
insolation or free exposure to the sun's rays, the following tempe'I'atures 
were observed: 
Temperature above the chestnut tree_ .. ___ ---- __ .. ---- __ ......... 19° .4 (67° F. ) 
Temperature at a certain distance ..... _ .......................... __ 18° .3 (65° F. ) 
Difference .......... __ ................•.. _. _ .. ___ .......... 1° .1 (2° F.) 
Half an hour afterward, a rain fell, and the temperatures changed: 
Temperature above the chestnut tree .... __ -------·------------------ 17° .5 (64° F.) 
Temperature beyond it .... _ ....................... _ ..... _ .. _.... .. 150.2 (600 F.) 
Difference ...... _. _ ........... _ .................... _. __ . _ _ __ 20.3 ( 40 1'""'.) 
Thus, in the interval of half an hmu·, the air which surrounded tbe 
tree had been cooled by only 1 °.9, (3° F.,) while that which was a little 
distant from .it was cooled to the extent of 3o.1, (60 F.;) it follm"·s 
that the tree had radiated heat so as to impart warmth to the ambient 
atmosphere. The sun having reappeared after some moments, the 
temperature at both stations rose, but somewhat less above the che~t­
nut tree than at a certain distance from it. These temperatures, at 3 
o'clock, were as follows: 
Above the tree _ ........................... __ .. _ ............... _ . . . 20° .8 ( 69° F. ) 
At a certain distance .... _ ............... _ ....... _. _. __ ...... _. _.. 19°.2 ( 67° F.) 
Difference ....... _ ..•........ ~ _. __ ..................... _ __ __ 1° .6 (2° F .) 
To gi ,-e an idea of the warmth imparted to the air through the pres-
ence of leaves, we will take, for an example, the temperature of the air in 
July, 1863, at 9 o'clock in the mori.1ing, and at 3 and 9 o'clock in the 
evening; for the monthly mean the following results were obtained: 
At 9 o'clock in the morning ........................ _ .... _ ...... _. . 21° .56 (71 o F.) 
At~~ o'clock in the evening------ ................ ________ ------ .. _ 26°.76 (800 F.) 
At 9 o'clock in the evening . _ ... __ .. ____ ... _ .... __ ........... __ ... 190.20 ~ 570 F.) 
Here we see that the temperature of the air was at its maximum at 3 
· o'dock, and that it had diminished by nearly a fourth at 9 in the eYen-
ing. The radiation of the internal heat of the trunk and branches of 
tlw tree continued, on the other hand, to repair the losses sustained by 
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the leaYes subjected to the influence of the nocturnal radiation until G 
o'elock in the morning, when the temperature \Yas found to be the same 
at P 11.33 (4 feet) above the soil to the north and south, at 16 metres ( J:~ 
feet) and at 21rn.25 (60 feet) on the smumit of the tree. This is the 
period of the day when the celestial radiation has ceased to be Jn·epon-
derant, and when there is an equilibrium bet,Yeen the effects of tllC ter-
restrial radiation and those of tlle celestial radiation. 
In July, 1864, the results obtained ·were: 
At 9 o'clock in the morning _________ ----·_ .. --·................... 21° .04 (70.) F.) 
At 3 o'dock in the evening ____ -----· ............................. 2i"">0 .94 (it~-.: F.) 
At~ o'clock in the evening ____ ------ ____ ...................... __ . H)0 .00 (76° F.) 
The progressive reduction again continued till 6 o'clock in the morn-
ing, when the temperature was the same at pn,33 (4 feet) aboYe the soil 
to the north an<l south, and also at 16 metres (53 feet) aboYc the soil, 
anll was equal to 150.5(), \\lOO 1Y.) 11 tho montb.s of January, 1'6\J0 aml 
118.4:, be taken we Ila ve-
1863. 1864. 
At 9 o'clock in the morning ....... --·-· ...... __ 40,57 (400 F.) -0° .03 (31° F.) 
At 3 o'c1ock in the evening .. ___________________ 7° .41 (45° F.) +:P .30 (~8:.. F.) 
At 9 o'clock in the evcuiug .....•...... __ ....... 5c ,1:3 (41° F.) 0:_) .00 (:32- F.) 
At6o'clockinthcmorniug .................... 3° .19 (380 P.) -1° .08 (30'-' F.) 
It is thus seen that, whether we take tile trees with or wituont leaves, 
the ·Ileat acquire<l during the day dimiuisiles till G o'clock in the morn-
ing. 
\Ve see now that it may be assumed as an ascertaine<l fact that trees, 
exposed to the solar and celestial radiation, impart Ileat or cold to the 
contiguous strata of air, a property which had not preYiously been sus-
pected; it was supposed, on the contrary, tilat the evaporation wilich 
take place by means of the h•aves "'\Yas always a source of refrigeration; 
this may indeed exert an influence, but it is not the predominant cause. 
This question, however, will be resumed in another memoir. 
The experiments above spoken of were made on isolated trees, but 
the results have been the same on groups of trees sheltering one another, 
so as to form an obstacle to the direct action of the suu; onl~y the ele-
Yation of temper:.tture in the trunk has been found to be less, all <'lse 
being equal, than when the tree was isolated. In fact, forests, coppices, 
and groups of trees must observe the same laws as the single chestnut 
tree; but the effects of heat, of which we hm~e been speaking, vary ac-
cording to the height of the trees, the extent of their branches, and the 
rna s of _leaves with which they are charged. What consequences 
should be inferre<l in relation to the influence exerted by forests on 
the local climate~ This question we shall answer on another occasion. 
vVe shall content ourselves here witil saying tilat it is necessary to 
have regard to the nature of the soil, as to whether it be dry or humid, 
to the gTeater or less facility w-ith 'vhich tile air circulates, to the ex:-
posm'e an<l other indeterminate causes which vary according to locali-
ties. But from the fact that the wood, under the influence of the solar 
rauiation raises the temperature of tile ambient atmosphere, ancllo\rers 
it under the effects of the nocturnal radiation, must we not infer that 
the stratum of air which bas been heated gives rise during the nigilt to 
a double current; an upper one of warm air and a lower one of cool air 
which descends toward the ground~ It may be that the warm air, 
being driven by lateral currents, has a tendency to ameliorate the tem-
perature of surrounding parts. 
Under the tropics, and especially under the equator~ wilere tile solar 
rays act with tile more force as.they are less inclined, trees must pro-
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duce in a high degree the effects indicated above; effects which the 
neighboring strata of air cannot fail to manifest. On the other hand, 
the nocturnal radiation, which is ver,y great under a sky almost without 
clouds, must act powerfully in hastening thR refrigeration of the leaves. 
The following fact is, to a certain point4 referable to the heat which 
woods emit when they have been wa1111ed by solar radiation. Every 
one knows that at noon of a bot summer day the air in dense woods is 
almost of a stifling heat. It is usual to attribute this effect to the 
absence of currents of air, and that, to a certain extent, may be true; 
but a concurrent cause of no little efficiency is the fact that, when the 
leaves and branches of trees have for some time been exposed to the 
calorific action of the sun's rays, they themselves become foci of heat. 
We have thus explained the sort of influence exerted b}~ trees on the 
temperature of the air which surrounds the trunk and branches; yet we 
cannot confidently deduce the conclusion that the mean temperature of 
the place is further ameliorated by this state of things. To aid us in 
solving this question, it is necessary to consult the observations of tem-
perature made in wooded and unwooded places, situated under the same 
latitude, having the same geological conditions, and at the same height 
above the level ofthe sea. 
Jefferson, in a work translated (1786) by the Abbe J\fore1let, drew, 
from observations made at Williamsburg and Monticello, (Virginia,) the 
conclusion that, since the clearing away of the forest, a very sensible 
cbauge bad taken place in the climate; the heat, as well as the cold, 
had become less vehement than before, as was testified by persons of 
no very advanc-ed age. The snows, be says, are less frequent and less 
abundant, often not remaining in the valleys more than two or three 
days, and very rarely a week, while, within the memory cf the li,Ting, 
they are known to have been frequent, deep and durable. By old per-
sons it is stated that the ground was covered with snow three months 
in the year, and that rivers, which now freeze very rarely, were usually 
congealed every winter. These assertions, it will be seen, are based on 
testimony against which we must be on our guard, for it may well be 
that years of extraordinary inclemency were taken for those of an 
average temperature. Let us turn to observations which inspire more 
confidence, such as those discussed by M. Boussinganlt., and made by 
J\fM. Boussingault himself, Humboldt, Roulin, Rivero, &c., in localities 
comprised between the 11th degree of north latitude and the 5th degree 
of south latitude, where the celestial radiation prevails, during the 
night, in all its force. 
The mean temperature, by reason of the slight variation·s iu the 
course of the year, is immediately· given by that which is presented by 
the earth, in the shade, at 3 decimetres (1 foot) below the surface. Ob-
servations show that the temperature of the torrid zone 'Taries from 
260.5 (800 F.) to 280.4, (830 F.,) and that the abundance of forests and 
humidity tend to the refrigeration of the climate, while dryness aud 
aridity produce contrary e:tiects. These effects have been obserTed at 
different heights on the Cordilleras, where we find the mean tempera-
tures of temperate regions. It has been asked whether this is the case 
in localities wooded and denuded of wood, situated beyond the tropics, 
where the mean temperatures being the same, the means of summer aml 
winter are different? No observation bas yet been made as to this point. 
OlJservations subsequent to the preceding tend to show, on the con-
tnuy, that disboscation on a great scale does not sensibly change the 
mean temperature. . Humboldt has collated a great number of thermo-
metric observations made at different P.oints of North America, in order 
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to ascertain if the mean temperature had undergone chaugrs after a con-
siderable lapse of years. For about sixty-three years, from 1771 to 183,1, 
he tells us, thermometric obsenTations had been maintained at thirty-
fiye military posts, so that we have far more exact ideas on the climate 
of:North America than existed in the timt>..s of Jefferson, Barton and 
Volney. 
Tllese stations were distributed over a space of 40° of longitude and 
<"Xtencled from the point of Florida and Thompson's Island, under 2-!:0 
33' of latitude, to Council Bluffs, on the .Missouri. On discussing the 
observations communicated to him, Humboldt arriyes at the follo~Ving 
. conclusions: 
These obserYations, he says, tend to demonstrate, contrary to an 
opinion quite generally adopted, that, since the first establishment of 
Europeans in Pennsylvania a,nd Virginia, the climate, on either side of 
the .Alleghauies, has not, in consequence of the destruction of numbers 
of forests, heeome mnre uniform, more mild in winter and eool in sum-
mer, than it 'vas before; nevertheless, as llnmboldt himRelf aekno\-vl-
cdges, denudation ought to ameliorate the mean temperature by rfi'eet-
ing the disappearance of three frigorific causes; first, the protection of 
the g-round from the sol::tr radiation and the maintenance of a greater 
hnml.d.ity; seeondly, the production of aqueous transpiration by the 
leaves; thirdly, the multiplication by the exp:mded branches of the 
Rnrf~tces \Yllich are eooled. through the effect ofnocturnal radiation. .l\f. 
noussinganlt, as we have preYionsly seen, has arrived nt contrary con-
elusions, indicating that the abundance of forests and the humidity 
thenee resulting tend to render the climate eooler, and. that dr;yness or 
aridity produees an opposite effect. 
It might be, however, that, the mean temperature remaining the same, 
the distribution of heat in the course of the year may be change(l, and 
that thus the climate may have bern modified.; but it will not suffiee to 
in Yoke the authority of doeuments relating to eulthratiou at the present 
timr, for these d.oeuments will not bear a serious examination, as we 
have shown in our treatise on elimates. 
Still, it is possible that a step in ad.ntnce may be made by taking into 
consiclrration observations which have tllus far not reeeived due atten-
tion . The observations regarding temperature 'Yhieh \Ye have mad(• in 
the interior of single trees and at the periphery of their branches show, 
as has been already said, that trees are aifeeted like all bodies exposed 
or unexposed to solar radiation; that is to say, that they are heated or 
chilled aeconling to their absorbent, reflecting, aud eonducting powers. 
These observations evince, moreoYer, that tl10ir calorific state depends 
iu great part on the solar action. What can we thence infer in relation 
to the intluenee of trees on the temperature of the air aud the changes 
'Yhich that temperature undergoes as the effeet of denudation jc T!Jes.e 
changes result uot only from the cause of which "·e haYc been Rpeaking, 
but fnrther, we repeat, from the nature of the soil, aceording a~ it is dry 
or humid, calcareous, sanely, or argillaeeous. Let us analyze the effects 
w llieb may thus be produeed. 
vVe will first eonsidcr a wooded soil: The trees, as has been just statr(l, 
heeome heated or eool; but \Yhat results from this when the soil is dry 
and when it is humid~ If the former, it " ·ill be ''ithout influence; if it 
is lnnnid, the evaporation of water will maintain a constant hnmidity, 
the degree of whieh will depend on the temperature wbieh the trees baye 
aeqnired and whieh will be independent of that resulting fi'om the exu-
dation by the leaves. The humidity caused by trees, when other things 
are equal, will be greater in wooded countries with an argillaceous 
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foundation which retains the water, because the roots do not pierce the 
subsoil 01' do so with difficulty, than in sandy formations which faYor 
the infiltration of water. In the latter case, the humidity proceeds 
solely from the transpiration of the leayes. 
What occurs when a country is cleared of its woods, supposing the 
soil eitheT pervious or impervious~ The effects which result uepend on 
the composition of the soil and on its absorbent, radiating, and conduct-
ing powers. Of thesr: an idea :nay l>e formed from the resea1·ches of 
Schubler. Commencing with the calefaction of lands exposed to the 
sun, the following are the relations which are found to exist bet,veen 
different soils : 
Designation of earths. 
Siliceous sand, yellowish gray .......... -- ........ . 
Calcareous sand, whitish gray ...... -- .. -- ..... - .. 
Pure gypsum ....... _ ...... _ ......•............... 
Poor yellowish clay .... ___ .-- .. __ ............... .. 
F ertile clay . . . . . . . ............ - - - ............... . 
"\Vhite calcareous earth .......... __ .... ____ .. __ .. .. 
Grayish-black humus __ .... _ ........ _ ........... .. 
Grayish-black garden mold ........ _ .......... ~ . _ .. 
Maximum temperature of the up-
per stratum, the mean t ern-





















It will be seen that color and humidity are the causes which exert the 
greatest influence. The differences of temperature due to tbese causes 
and that of the ambient air may, for the same soil, amount to 140 or J5o. 
If we pass to the capacity of retaining heat, it will be found that all 
else being equal, the siliceous and calcareous sands, compared in equal 
volumes with the different argillaceous earths, with lime finely commi-
nuted, with humus, with arable and garden earths, are the soils which 
condnctheat more imperfectly. This is the reason why sandy formations, 
in summer, preserve, even during the night, an eleyated temperature. 
vVe ma.y couclude from this that when a sandy tract is cleared of-wood 
the local temperature must be raised, and with the greater reason, inas-
much as the cause of refrigeration exists no longer. After the sands eome 
in succession argillaceous, arable and garden soils, and finally humus, 
which occupies the last rank. Hepresenting by 1000 the capaeity which 
calcareous sand possesses of retaining heat, the following are the ratios 
observed: 
Degrees. 
Calcareous sand ........... __ . _ ...... __ .............. _ ... _. _ ... _. _ . _ . _______ . 100 
Siliceons sand ........ __ ... _ ...... _ ..... __ ... _ .. _ ....... ____ . _____ . _____ . ___ . 9.). 6 
Argillaceo ns earth _________ .. ____ .. ___ ... _ . __ . __ .. ____________________ . _ _ _ _ _ _ 68. 4 
Garden b•il ·_ ........... _ ........•...............•......... _ ... _____ . ____ .. _ . G4. tl 
Humus------------------- ·--------------------------------------- ____ ------_ 40. 0 
It has been fnrther established that the capacity of retaining heat is 
proportional to the bulk of the particles. It is on this account tllat 
land covered with siliceous stones grows cool more slowly than silieeom:~ 
sand, and that pebbly soils are better adapted for maturing the grape 
tlmn chalky and argillaceous formations which cool rapidly. From this 
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it appr ars how important it is, in the examination of the calorific effects 
resulting from dh;boscation, to ha.ve regnnl to t.he pbysical properties of 
tbe soil, when it is once denntled. Here probably is to be found the 
reason why the conclusions which Hnmboldt has drawn from the ther-
mometric observations made at stations in :North America, no attention 
Laxing bef'n paid to the nature of the soil of the denuded surface, are 
not the same with those at which l\1. Boussingault bas arriveu by taking 
that condition into consideration. 
It bas been competently proved, then, that thB disboscation of a soH 
formed of a siliceous, pebbly sand, must raise tbe mean temperature of 
the air more than any other formation, at the same time that it causes 
the disappearance of a source of humidity; ''bile, if the soil is argilla-
ceous, 'Thether dry or humid, the capa,eity of warming the air aud re-
taining heat is, relatively to the former, in the ratio of GSA to 100. 
The calorific effect must be considerably less from the denudation of a 
dry formation. 
\ve see now in what manner we should consider the influence of disbos-
catiou on the temperatnre of the air. The efft>cts, however, are so com-
plex that we can only determine the resultant by the help of diurnal 
observations of rernperature; it is necessary besides to collate the max-
imum and minimum temperatures, which play a very important part iu 
the constitution of climates, and to haYe regard to the nature of the soil. 
\Ve shall resume tllis question on an early occasion. 
Tlle following illustration is of a nature to give an idea of the intln-
ence which forests may exert on the climate of a -vast region. The 
presence of extensi \Te forests in the tropical portions of the Afriean cou-
tinent, situateu under the meridians of the western part of Europe, 
would probably modify the ascending current of warm air which at 
present resnlts from the heating of a sandy surface, and \Yhicll descends 
upon the middle latitudes of Europe. If, in the lapse of centuries, the 
sauds of the Sahara should become coyered v;ith woous, these sands 
would not l>e heated to so high a degree as at the present epoch; con-
sequently the winds of the soutb, which now mollify our climate, 1wY-
ing no longer so high a temperature, would render it more rigid. To be 
satisfied of this it is sufficient to consiUer the state of things on the 
American continent, where the tropical regions are occupied by Yast 
forest~, immense savannas, or great water-com'ses; the descending cur-
rents of warm air cannot moderate the climate of countries situated in 
the middle la.titudes of North America as much as the warm currents 
coming ii.'om the Sahara mitigate the countries of the eastern conti-
nent situated under tbe same latitudes. And here is precisely the rea-
son why the western continent, muler corresponding latitudes, is colder 
than ours, judging from the objects of culture and the course of the 
isothermal lines in each. 
Nor does it suffice to study the calorific influence of the extirpation of 
woods upon climate; it is further necessary to inquire into the action 
which it exerts on the sources of streams, and the physical effects pro-
duced in mountainous countries on a denuded soil, as well as those re-
sulting from such uenudation in argillaceous and bnmid formations. 
Another observation we will make, as not being without some import-
ance: It bas been previously seen that a tree becomes warm or cool 
like an unorganized body, and that in proportion as the leaves are cooled 
at night by the effects of the nocturnal radiation, the loss of heat is 
repaired by a radiation transmitted l>y the trunk and branches ; this 
state of things, which bas not been hitherto noticed by physicists, hin-
ders the air from being chilled as much as if the calorific radiation of 
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the trees had not taken place. The influence of woods in cooling the 
air is not as great, therefore, as has been supposed. The state of the 
soil, moreover, singularly modifies that influence. 
EFFECTS OF THE CLEARING AWAY OF FORESTS ON SPRINGS A~D 
WATER-COURSES. 
The effects of disboscation on the sources and quantities of liYing 
water which irrigate a country are of most important consideration, and 
hence require serious attention. The difficulty in verifying these effects 
is the greater inasmuch as it is impossible to say, a priori, whether a 
forest or portion of a forest, destined to be cleared away, contributes to 
supply such or such a source, such or such a river. Springs are owing, 
in general, to the infiltrations of rain-water in a pervionB formation, 
thr::mgb which this water sinks until it meets with an impervious stra-
tum, fiowing over the latter wllen it is in an inelined position, and event-
ually rising in streams or fountains. The water of wells has the same 
origin. Large springs are ordinarily found in mountainous regions. 
Forests also contribute to the formation of springs, not only b:r reason 
of the .humidity which they produce, and the obstacles which they op-
pose to the evaporation of the water which falls on the surface, but fur-
ther because of the roots of the trees, which, by dividing the soil, render 
it more pervious and thus facilitate infiltration. A great number of 
illustrative examples have been cited, but we shall here adduce only a 
few which may be regarded as among the most remarkable. 
Strabo informs us that it was necessary to take great precautions to 
prevent the country of Babylonia from being submerged. The Eu-
phrates, which begins to swell, he tells us, at the close of spring, when the 
snows melt on the mountains of Armenia, overflows at the beginning of 
summer, and would necessarily form vast accumulations of water on the 
cultivated lands were not the superflux turned aside uymeansoftrenches 
and canals. This state of things exists no longer. M. Oppert, ·wlw 
some :years ago traveled through Babylonia, reports that the volume of 
water conveyed by the Euphrates is much less than in past ages, that 
inundations no longer occur, that the canals are dry, the marshes ex-
hausted by the great heats of summer, and that the country has ceased 
to be insalubrious. This retreat of the waters can only be attributed, 
as lie found means to satisfy himself, to the clearing away of the forests 
on the mountains of Armenia. 
The effects in question, though denied by some, are not the less in-
contestible, as is shown by €xamples which- I proceed to report and 
which rest upon observations worthy of entire confidence. 
De Saussnre ( Vmjage dans les Alpes, t. ii, ch. 16) long ago pointed out 
the diminution of water in the lakes of Sw'itzerland, especially in Lakes 
J\Iorat, Neufchatel, and Bienne, as a consequence of the clearing away 
of the forests. Ohoiseul Gouffierwas not able to distinguish in the Troad 
the River Scamander, which was still navigable in the time of Pliny. 
Its bed is now entirely dry; but the cedars also, which covered l\Iount 
Ida, whence it took its source, as well as the Simois, exist no longer. 
~1. Boussingault, (Annctles cle Ohintie et de Phys'iq~te, t. xiv, p. 113,) 
who studied this subject during his sojourn in Bolivia, selected as the 
subject of his observations the lakes situated in the plains or on differ-
ent steps of the mountains. The Yalley of Aragua, province of Vene-
zuela, situated at a short distance from the coast, has a ver,Y favorable 
climate, and is of great fertility. It is closed in on every side, the rivers 
which traverse it having no issue toward the ocean; by their union 
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they form the Lake ofTacarigna or Valenciana, which, at the time when 
liumboldt saw it, had been undergoing for some thirty years a gradual 
de::;iccation, ·che cause of which was unknown. Oviedo, the historian of 
Venezuela in the sixteenth century, relates that the city of Nueva Va-
lencia was founded in 1555, at the distance of half a league from the 
Ijake of Tacarigna, from which, when Humboldt was there in 1800, it 
was distant 2, 700 toises, (3} miles,) a proof of the retreat of the waters 
eoufirme<l by a number of facts. According to the celebrated traveler 
just uamell, the diminution of the waters was directly attributable to 
the clearing away of numerous forests. 
In 1822, 1\1. Bonssingault learned of the inhabitants that the waters 
of the lake had exhibited a very sensible elevation; lands which were 
before cultivated were then submerged. It is to be noted that, for the 
term of twenty-two years previous, the valley had been the theater of 
bloody contests during the war of independence; the population had 
been decimated, the lands had remained untilled, and the forests, which 
grow ·with prodigious rapidity under the tropics, had eventually occu-
pied a great part of the country. \Ve see here the influence of woods 
on the quantity of water which flows or settles in a country, since lakes 
which had been exhausted uy the remoYal of forests were again replen-
h-;hed by their r_estora tion. 
JH. Bonssingault cites several examples which lead to the same con-
clusion in regard to the influence exerted by great masses of 'vood on 
the living waters of a country. "\Ve shall quote two of the most remark-
able. In 1826, the metalliferous mountains of J\farmato presented only 
s01ne miserable cabins inhabited by negro slaves. In 1830, this state 
of things no longer existed; there were numerous work-shops and a 
population of 3,000 inhabitants. It had been found necessal'y to level 
much wood; the denudation had proceeded but for two years, and already 
a uimiuution was perceptible in the volume of water available for the 
labor of the machines. Yet a pludometer proved to J\1. Bont:lsingault 
that the quantity of water which had fallen in the second year was 
greater t,han that which fell during the first. This fact tends to show that 
disboscation may diminish and occasion the uisappearance of sour~es, 
though, from that circumstance, no inference is warranted of the fall of 
a less quantity of rain. The second example is derived from the table-
lands of New Grenada, at an elevation of from 2,000 to 3,000 metres, 
(6,500 to 9,800 feet,) where there is a temperature during the whole 
year of 1-1° to 1Go, (G7o to 610F.) The inhabitants of the village of 
Dubate, situated near two lakes, which were united sixty years ago, 
h c-we witnessed the gradual subsidence of the waters, insomuch that 
lands which, thirty years since, were under water are now subject to 
culture. 'fhe examination of local conditions and other investigations 
made by l\I. Boussingault, convinced him that this change was due to 
the disappearance of numerous forests which have been cut down. ..~:-\t 
the same time other lakes, such as that of Tota, at a short distance from 
Fuqnene, situated in localities where the ''ootls have been mH1isturbed, 
have undergone no diminution of their waters. M. Desbassyres de 
Richemont has also discovered that there exists in the Island of Ascen-
sion, at the foot of a mountain, a fine water source, which became dry 
in consequence of the denudation of the neighboring heights, but has 
been restored since the forest was again allowed to grow. 
To complete the documents which 1nay serve for the elucidation of 
this question, there are still some important observations to he brought 
forward. l\1. Berghaus ( Cow·s d' Agricultw·e lle JJJ. de Gasparin, t. ii, p. 
14:6) finds that the volume of water in the Oder and the Elbe underwent 
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diminution, from 1778 to 1835 in the first of these rivers, and from 1828 
to 183G in tlle second, and that this diminution was so sensible that, 
should it proceed at the same rate, it would be necessary at tl1e lapse 
of a certain period to change the construction of boats; here, however, 
'ilta,tistical observations evince t,hat this fact cannot be attdbuted to the 
extermination of the forests of the mountains. In order to explain it, 
inquiry has been made whether the quantity of rain falling in the different 
parts of Europe has not undergone a corresponding diminution, but the 
hypothesis has not been sustained. In fact, since 16~9, during which 
interval the quantity of rain falling at Paris has been observed, a slight 
augmentation, rather than any diminution, has been verified. Cesaris 
has recognized the same increase for the city of Milan from 17G3 to the 
present epoch; and a similar result appears, in regard to Hochelle and 
the basin of the Hhone. The supposition of a diminution of rain being 
hence untenable, it has been surmised that possibly the number of rain-
falls may have changed, a conjecture founded on the generally admitted 
fact that a gTeat rain furnishes more water to the river courses than the 
same quantity distributed over several days with intervals of dryness. 
But the discussion of the observations has afforded no confirmation of 
this view. It has been found necessary to fall back upon the changes 
produced in climates by the progress of cultivation. 
It may happen, as bas sometimes been the case, that concussions of 
the earth dry up the sources of streams, but this is not common. A 
great number of facts demonstrate, on the other hand, that the diminu-
tion is often an almost immediate sequence of extensive clearings. \Ve 
would point especially to the instance already cited of the water-courses 
of ~iarmato. Nor are there other examples undeserving of a passing 
reference. The Romans were able to bring to Orleans the waters of the 
· fountain of Etuvee, which at the present time is entirely· dried up. Ex-
tensive excavations, made within a few years, have brought to light the 
foundations of Roman con~tructions where no source of water any longer · 
exists; a stream, moreo-ver, to the east of Orleans, which contributed 
to the defense of the city during the siege in 1428, and whicb was con-
siderable enough to turn mills, has completely disappeared. Now, on 
that side of Orleans there were great forests, which have been cleared 
away. In consequence of these clearings the wells of the city h~we 
continued to yield less and less water, so that the municipal adminis-
tration has been obliged, within a few years, to incur an expense of 
300,000 francs ($60,000) in order to bring potable water from the source 
of the Loiret. 
In the canton of Chatillon-sur-Loing there is a commune called Sainte-
GeneYi(we-des-Bois, which would appear to have been once a tract of 
forest, but which presents to-day only small groves scattered here and 
there. A stream formerly :flowed at the foot of the town where at pres-
ent exists only its dried bed, never containing water except in winter. 
In discussing the important question of the influence of disboseation 
on water-courses, we arrive at the following conclusions: 1. Extensive 
clearings diminish the quantity of spring or flowing water in a country; 
2. It cannot yet be determined whether that diminution should be attrib-
uted to the less considerable quantity of rain which falls, or to a greater 
evaporation of the pluvial supply, or to both causes united, or to some 
new distribution of the water derived from rains; 3. The cultivation 
praeticed in an arid and denuded country dissipates a part of the flowing 
waters; 4. In countries which ha-ve undergone no changes in cultivation 
the quantity of water in streams or from sources appears to be always 
the same; 5. Forests, while preserving such waters, economize and reg· 
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ulate their discharge; G. The humidity which prevails in woods and the 
function of the roots in making the soil more pervious, should be taken 
into consideration; 7. The clearing away of forests in mountainous coun-
tries exercises an influence on the streams and springs in the lowlands, 
especially in the latter; 8. Hence the action of forests upon climate is of 
a highly complex nature. 
\Vith the mean·s of securing salubrity now at our disposal, there is no 
occasion for apprehending unhealthy swamps as the result of the extir-
pation of forests. Nor need it be inferred that the denudation of a 
country entails sterility. As examples, England and Spain may be 
cited, which present, the one only 2 per 100 of wooded surface, the other 
3.17 per 100. The former has a marine climate, marked by the frequent 
prevalence of southwest winds charged with vapor to the point of satu-
ration, which produces fogs on the least lowering of the temperature. 
Spain · has not a similar climate, but its most fertile parts are those 
watered by large rivers, while the great table-lands are absolute deserts. 
From what has been said the question presents itself whether the ex-
tirpation of a great forest in the vicinity of a fertile plain possessing 
only springs of water, might not give reason to fear the desiccation of 
these springs in whole or in part and the consequent impoverislnnent of 
the country~ The denudation of an arenaceous country may lead to the 
desolation of the neighboring plains through the incursions of the saudi 
as may easily be conceived from the explanation given by M. Ohevren 
of the formation of downs in the Landes of Gascony; the sm~d is here 
driven by the winds until it encounters an obstacle, when a barrier is 
formed which arrests the discharge of the waters; these moisten the 
base of the heap, and by capillary action cause the particles of sand to 
cohere and become fixed to the soil; the winds remove only the upper 
part, which, being carried forward, continues to form new downs until 
the plain in the end is wholly overwhelmed with sand. 
A forest, interposed in the passage of a current of humid air charged 
with hurtful miasms, sometimes presen~es from their influence any tract 
which is thus sheltered; "TI"hile uncovered regions, as is exemplified in the 
Pontine maroLtes, are exposed to the baleful influence. Trees, therefore, 
tend to ·purify an infected air by absorbing or obstructing its pestilential 
constituents. Still another kind of action is exercised upon climate by 
the presence of forests: the trees of lofty growth which compose them 
. withdraw electricity from the clouds, and thus to some extent neutralize 
the disastrous effects of storms. 
The restoration of forests upon the mountains is an operation of prime 
necessity for the preservati.on of the latter; its advantages result: 1st, 
from the increased facility with which the rain-waters penetrate into the 
soil and even the subsoil, being tra,~erscd b~y roots ·which promote infil-
tration; 2d, from the effects produced by the resistance \Thich forests 
oppose to the passage of masses of air saturated with Yapors in motion, 
which promptly descend ia rain on being forced. upwards and compressed 
by the obstacle; 3d, from the humidity which generally prevails in the 
interior and in the vicinity of woods and which gives place to a precipi-
tation of dew when the temperature of the air is lowered. 
Of the transformation of lands from which the forest has been re-
moved into marshes, some striking examples may be cited, and those 
not in Asia 1\'Iinor, of which mention has been made elsewhere, bnt in 
France itself. It is to be observed that when trees are cut down, the 
roots of course die and the soil becomes more compact. La Brenne, 
situated between the Indre and the Oreuse, presents a circular surface 
of more than 200 kilomet::.·es (125 miles) in circumference, or nearly 80,000 
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hectares, (197,G80 acres.) The soil of this country, which is argilo-sili.-
ceons, rests .on a substratum of impenetrable clay which resists the infil-
tration of water; it is thickly covered with pools, to which are attributed 
the intermittent fevers prevalent throughout the district. Ten or twelve 
centuries ago it was occupied by forests interspersed with meadows., 
watered by running streams and fountains, and there extsted then neither 
pools nor swamps; on the contrary, it was renowned for the fertility of 
its pastures and the amenity of its climate. The disappearance of the 
forests was succeeded by collections of stagnaut water which took pos-
session of the now unproductive and worthless soil, and this to -such an 
extent that in 1714, the tract of Bouchat-en-Brenne alone counted nD 
less than one hundred and nine of them. (Piganiol de la Force. Descrip-
Uon de let France.) A like state of things appears in Sologne, which rep-
resents a surface of 450,000 hectares, (1,112,000 acres,) and which has 
become proverbial for its insalubrity. The deplorable condition in which 
we see it did not always exist. Historical documents show that a great 
part of this country was of old clothed with woods. Their extirpation 
has been succeeded by accumulations of water, fens, and the attendant 
mala<-"t:es. At the present day the removal of the forest need not involve 
so calamitou3 a consequence, for modern ingenuity has placed at our 
disposal the means of restoring salubrity and fertility to swamps and 
moor-lands of even long standing. 
The effects produced in mountains clearly evince the action of roots 
in promoting the infiltration of rain-water and the aJimentation of 
sources. In a mountainous countr.Y the extirpation of forests promptly 
leads to the formation of torrents. Of this the Alps furnish numerous 
examples. When, in fact, vegetation is left to develop itself freely on 
the sides of mountains covered with the detritus of rocks fi·om the sum-
mit, dense forests of spruce and larch quickly occupy their flanks, and 
the interlacing roots form a net-work which binds and protects the soiL 
If clearings are inconsiderately m~de in the direction of the slopes the 
waters follow the course of the openings, and, carrying with them the 
vegetable deposit; rapidly excavate furrows. These furrows extend with 
time, and end by forming torrents. Nothing of this sort occurs where 
the woods have not been felled. All the eastern part of the department 
of the Hautes-Alpes presents numerous results of this kind. 
We thus see that the presence of a forest on a surface of steep inclin-
ation counteracts the formation of torrents, while disboscation ·exposes 
the soil to their rayagcs. This effect it is easy to explain when the soH 
is once occupied by vegetation, first by the humbler plants, th-en by 
trees whose roots, forming a sort of felting, give consistence to the 
ground at the same time that the branches and leaves break the force of 
heavy rains. The trunks, the off-shoots, the brush-wood, multiply ob-
stacles in the way of the currents which would otherwise furrow the 
earth. The effect of vegetation, therefore, is to give more stability to 
the soil and to distribute the waters over its whole surface, so as to pr& 
vent their following the drains in a mass, as would be the case if the 
earth were denuded. The soil, bei·ng divic1ed by the roots and co'verecl wf.th 
a porous hum, us, absorbs a part of the waters which cease to flow down 
the slopes and are conveyed by percolation to the low grouuds, where 
they serve to feefl streams and fountaint:l. Such are the benefits resulting 
from the presence of forests on mountains and inclined surfaces exposed. 
to torrential rains. 
ON l\fETEORITES. 
EXTRACT FROM A DISCOURSE, FEBRUARY 7, 1869, llEFORE THE SOCIETY OF NATURAL 
HISTORY OF WISCO::s'SIN, BY DR. FR. BRENNDECKE. 
[Translated from the Ge1·man jo1' the Smithsonian Institution.] 
* * * As furnishing the finest exemplifications of the WidmannsHiten 
figures, as well as the purest and rarest kinds of ,siderites, may be cited 
the meteorite of Braunau, the meteorite of Seclasgen, the Putnam 
meteorite of Georgia, and the Dorflinger meteorite found here in \Vis-
cousin. According to the classification made by Professor Shepard, tile 
last belongs to the order of the taniastic siderites, (ribbon siderites.) 
Besides this specimen, there has been adduced by Professor Shepard 
only one example of the order in question, which was found, in 1S01, at 
the Cape of Good Hope. 
In a report which, in the beginning of September, 1868, I had tlle 
honor, at the instance of the Wisconsin Society of Natural History, to 
lay before it, respecting the iron meteorite found in that State, and which 
contained the results of an exploration ofthelocality where the meteorite 
was found, conducted by 1\Ir. C. Dorflinger and myself, it was stated that, 
in .July, 1868, there was presented to the museum of the society, by its 
secretary, nfr. Dorflinger, a piece of iron of sixteen pounds weight, 
which bad been found in \Vashington County, Wisconsin, by parties 
engaged in cultivating a farm. Thit; piece, upon scientific investiga-
tion of its physical properties by Mr. Dorflinger, proved to be genuine 
meteoric iron. The surfaces ground and polished with a view to its 
examination, when treated with nitric acid, exhibited Widmannsti:iten 
figures of the greatest beauty and distinctness. A qualitative chemical 
analysis, conducted by the director of the mineralogical section of the 
society, Pr. G. Bode, confirmed the discovery. The place where the 
mass of meteoric iron was found is in section 33, \Vashington County, 
Wiscol).sin, on a small farm belonging to a farmer named Louis Korb. 
In the fall of 1858, Korb, in working his farm, struck with his plow 
against some bard object, which lay about ten inches under the earth. 
The supposed stone proved to be a mass of metallic iron of sixty-two 
pounds weight. The representation of this mass, as regards both its 
magnitude and form, lies before the society in the drawing executed 
by 1\Ir. Dorflinger, at the place of discovery. 
In the years immediately following that last mentioned, Korb found 
similar but smaller pieces of meteoric iron to the number of four, as I 
am informed, within a circuit of from two to three rods from the place 
where the first and larger mass was lying. One of these pieces is the 
iron meteorite of sixteen pounds weight presented by Mr. Dorflinger to 
the society. A second piece I procured, in conjunction with 1\Ir. Dorflin-
ger, at Cedarburg, where it had been kept until then. This weighs 
seven and three-quarter pounds. A third piece we obtained from the 
printing office at West Bend, where it had been for several years, but 
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\'lithouttbe least recognition of the nature of the mineral by any one either 
there or at Cedarburg. .A fourth piece should have been at the Korb 
farm-bouse, but is not now to be found. The mass of sixty-two pounds 
weight has, for a short time past, been in the cabinet of natural history 
of 1. .A. Lapham, who succeeded in purchasing it. 
The place where these meteorites were found. and its environs for a 
mile in circumference, form a hilly tract quite thickly covered by forest 
trees. The soil of this billy district is a calcareous or argillaceous loam. 
Everywhere in the region are to be found fragmentary angular stones, 
often several feet in diameter, and also round and smooth ones, all of 
the oldest formation, which come from the so·-called azoic rocks in the 
north of Wisconsin, ' and which are interspersed in the quaternary dilu-
vium. This last forms a calcareous belt, thirty-six miles wide, along the 
shore of Lake Michigan to Green Bay, and is regarded as belonging to 
the Niagara and Clinton limestone formation. 
These drift rocks ( Trununergesteine) often cause the cultivator great 
labor in reclaiming the land. It is customary to see large pyramids of 
stones heaped up in the fields, which the farmer has dragged together, 
with no little trouble, before he can till the soil. This is the case at 
Korb's farm to it very extraordinary degree. To the quartzose and 
granitic rocks strewed over this region, at au earlier time, and lying 
uncovered or close under the soil, it is probably to be ascribed the fact 
that the masses of meteoric iron which have been found had not to be 
withdrawn through any very deep excavations of the ground. 
As Korb, and probably many others of the vicinage, had been led by 
the finding of these iron meteorites to conjecture the existence of rich 
treasures of iron ore within the earth, I sought the more strenuously to 
remove the disbelief in the cosmical origin of the bodies in question, 
especially as that origin had not at the time received the incontestable 
confirmation of chemical analysis. 
Close to Korb's farm lies anoth~r on which hs found, in the midst of 
a wood, a small and very deep pond in the moor land. Near to it is a 
ferruginous spring. On closer observation I found that this was nothing 
more than water :flowing from the moors, and soon becoming stag-
nant through an overgrowth of deca,ying plants-showing a slight im-
pregnation of iron-less even than much of the water drunk at Mil-
waukee. Only a few hundred steps from this, also in the forest, is a 
rather large and very deep pond, surrounded by a quaking and scarcely 
passable bog, some four hundred feet long and two hundred wide. The 
pond is called Burns's Lake. The whole scenery makes a dreary and 
uncomfortable impression on the mind. I have generally failed to find 
hereabouts minerals containing iron, though Iron Ridge stretches from 
Dodge County almost to the borders of Washington County. 
According to Dr. G. Bode's report, submitted to the Wisconsin Society 
of Natural History, he has taken the samples for the careful chemical 
analysis which he has executed from the piece weighing sixteen pounds. 
Thi~ piece is externally covered with a brown, almost polished coat of 
oxide of iron, imparting but slight coloration; within, it is nearly of the 
whiteness of silver; it is yery soft, but of great toughness. The so-
called Widmannstaten figures, characteristic of meteoric iron, admit of 
being produced with great distinctness. 
The specific weight of the mass amounts to 7.3272. One hundred 
parts contain, of iron, 89.22 per cent.; of nickle, 10.79 per cent.; of 
phosphorus, 0.69 per cent., and a trace of cobalt. 
The composition of all meteoric iron masses, thus far examined, is 
very similar. Of nine different analyses, known to him, D~. Bode states 
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the R\erage contents in nickle at 10.30 per cent. The relative quantity 
of phosphorus is, in nearly all, higher than the above. On the other 
hand, most of the iron-meteorites contain traces of other substaHces 
mentioned before. 
From the absence of other constituents. the meteoric iron discoYered 
in Wisconsin is the purest which has been hitherto found; it is distin-
guished for its beauty, and only one other meteoric iron mass now lmo,vn 
shares in an equal degree the characteristic of its species. 
RE)IARKABLE FORMS OF HAILSTONES RECENTLY OBSERVED 
IN GEORGIA. 
[Extract from· a letter from Staatsrath Abich to Chevalier W. von Haidinger. From 
the Journal of the Austrian Meteorological Society, vol. iv, p. 417.] 
I take this opportunity of giving you a preliminary notice of two hail-
storms, of both of which I was fortunate enough to be a witness. The 
phenomena were of so unusual a character that they are well worthy of 
a full and precise account. 
They took place within fourteen days of each other; the first on the 
27th May last, at 3 p. m., the· second on the 9th June, at 6 p. m. The 
localities were not far asunder, being both in the neighborhood of Tifl.is, 
near Beloi Kliutsch. The morphological characters of the hailstones, 
which were very large, as much as sixty or seventy millimetres (22- inches) 
in diameter, were m; remarkable as they were dissimilar. On the first 
occasion they were oblate spheroids, resem bliug Mandarin oranges, while 
tlleir structure seemed almost organic. On the second there was a fall 
of actual ice crystals, an occurrence which has never before been noticed, 
~~t least as far as I could discover from the literature within my reach. 
The stones were not mere lumps, exhibiting indistinct crystalline forms, 
but spheroiual bodies of definite crystalline structure, overgrown along 
the plane of the major axis by a series of clear crystals exhibiting vari-
ous combinations belonging to the hexagonal system. The commonest 
forms were those which occur in calcite and specular iron. Of the for-
mer type, by far the most abundant were combinations of the scalen-
ohedron, with rhombohedral faces; crystals of fifteen to twenty millirne-
tres (.ff inch) in height, and corresponding thickness, prettily grouped with 
combinations of the prism aud obtuse rhombohedra. The terminal plane 
was also occasionally noticeable. Some which fell at the beginning of 
the storm were flat, tabular, crystalline masses, thirty to forty millime-
tres (1~ inch) in diameter, resembling the so-called "eisen-rose," ·which 
occurs at St. Gotthardt. 
The stones, when picked up quite fresh, showed sharp edges, with 
faces which were for the most part slightly curved like those of diamond; 
however, those which I took to belong to the scalenohedron were per-
fectly plane. 
I was in the open air when each of the storms began, and was able to 
gain shelter before I received any injury. This was fortunate, for the 
damage done, even to large trees, wa~ very serious. 
I reached home in a quarter of an hour, and found a pail full of the 
largest stones, which had been collected as soon as the first fright had 
passed over. .l\fy house was not much damaged. I sat down at once 
and drew ten of these remarkable forms, which had scarcely undergone 
any alteration. 
I have often thought over our conversations about hail, and I see that 
if I now applied all the theories which bave ever been broached to the 
facts which have come under my own notice, not a single one of them 
will give me any light toward their explanation. I would ask how such 
~ regular growth of crystalline masses, reminding us in their character 
-
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of the drusy crystals of calcite from Andreasberg, can be reconciled 
with the violent atmospheric commotion which we suppose to accom-
pany the formation of hail. We say in natura nihil fit pe1· saltus, and I 
believe it. The growing crystalline mass must have lJeen suspended 
for a long time in a very cold stratum of aqueous vapor before it reached 
the earth. 
[The two subjoined cuts are copied as closely as possible from the 
original drawings.] 
I would only add, by 
way of a hint, to explain 
"'hat cannot be shown by 
such imperfect drawings, 
that where the fiat sphe-
roidal forms, resembling 
specular iron, in the cen-
ter of the drawing, exhibit 
shading, the crystals were 
not always opaque. The 
ring surrounding the nu-
cleus had a milky appear-
ance, owing to small air 
bubbles, as had the nu-
cleus itself in most instan-
ces. l\fany of them, how-
ever, had a clear nucleus. 
Tllis could easily be seen 
next morning, when the 
stones had all melted 
down to cakes of about an 
inch in diameter, occa-
sionally takiug the shape 
of a regular hexagon. 
The milky ring round the 
central point was clearly 
distinguishable as a sort 
of fibrous web composed 
of the finest air cavities 
traversed by threadlike 
pores. In some cases there 
Actual rcprrs<'l1htions (of the natural size) of two of tho hail- as 0 . o- a c1 tl e n 1 
~<tones which fpll in Georgia on the 9th June, 1869, drawn at We' n nno, .n l l-
the time by Staatsrath ALich. cleus was semi-Opaque. 
The shading round the border of the large circle is only intended to 
mark the smooth spheroidal form of the central mass. The actual 
crystals were attached parasitically to its edge, or else inserted in a 
sort of socket, as I found when the stones tha-,yed down. (See a,, Fig. 
1.) 
All the stones contained fine air pores, pear-shaped or worm-like, 
running from the center to the circumference. The drawings are as 
near as possible natural size. 
ERUPTION OF THE VOLCANO OF COLIMA IN JUNE, 1869. 
COMMUNICATED BY DR. CnARLES SARTORIUS. 
To the northwest of the town of Colima rise, above lower mountains, 
two lofty volcanic peaks, the more easterly, capped with snow, being 
3, 790 metres (12,434 feet) in height, the more westerly, with a conspicu-
ous crater, 3,580 metres, (11,7 45 feet.) The latter had an eruption in the 
year 1818, but had since remained in repose, though thin clouds of 
smoke often ascended from its summit. 
On the 12th June, 1869, a dense smoke issued from the crater and at 
night a bright light was visible at its mouth; detonations like the dis-
charge of distant artillery were beard, but no concussion of the earth 
took place. On the 13th there was observed from the hacienda (farm) of 
San l\1arcos, four leagues distant from the volcano, on its northeast side, 
at the foot of the steep cone, a glowing heaving (Anschwellung) of the 
surface, which continued to increase, and displayed inte:qsely luminous 
clefts, from which were ejected Rmoke and red-hot stones, extending in 
the direction of the snowy peak above mentioned. 
The civil engineer, Ricardo Orosco, ascended the yolcano on the 15th 
of June, accompanied by two servants and a guide. At 6 oicJo(;k in the 
morning he left San Marco's, and reached at 12 o'clock a plain at the 
foot of the steep cone, where he left the horses. A heavy storm was 
prevailing, the temperature of the air being 100 Reaumur, (55°F.) On 
a second small plain upon the northeast side of the mountain was the 
new upheaval, which ascended to the scarp of the cone and stretched 
in the direction of the snowy peak, the latter being 4,500 metres (2it 
miles) distant. The upheaval in question seemed to be some 35 metres 
(114 feet) high and 230 metres (754 feet) broad, forming a flattened arch. 
The appearance was that of a wild mass of volcanic, red-hot rocks 
heaped one upon another and constantly in motion, not unlike freshly 
burnt lime when sprinkled with water. The rocks which rolled down 
were, on cooling, of a gray color. ..c\ piece broken off rang like glass 
and was vitreous anu porous. In the middle of the upheaved mass the 
movement was strongest; there large ·clefts and intense light were dis-
pla:yed, while engulfed stones, which were swallowed up in great masses, 
were followed by a noise as of violent wind and by clouds of smoke, 
sometimes blue, sometimes yellow. The temperature of the air in the 
vicinit.v was 42o R., (126° F.) The stones in the midst of the heaving 
mass seemed to be softened, though not melted, and no flow of lava 
took place. Orosco ascended the cone in order to observe tpe phenome-
non from above. This cone is very steep, and consists of sand and vol-
eauic rnuble. The temperature on the summit, which was reached at 
2 o'elock p.m., was found to be 40 R., (41° F.) From hence the whole 
of the new upheaval could be surveyed. In the middle of it the most 
vehement movement was in progress, attended by the constant upheav-
ing and descent of rocky masses, fire, and blue and yellow columns of 
smoke. 
The upper (ancient) crater has a diameter of 150 metres, (492 feet,) 
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descends in a cone-like form, and shows around its circumference many 
fissures and rifts. From the center and walls arose a dense sulphurous 
vapor. The gases from the new theater of eruption had a smell like 
that of burning stone-coal. 
The descent was very toilsome on account of the rolling stones. At 
3.30 p. m. the horses were reached, and at 9.30 the hacienda of San 
Marcos, where many were waiting to learn the result of the expedition. 
The report of Orosco was, that the district was threatened with no dan-
ger, as no lava was issuing, anu the fissures being open gave no reason 
to fear an~~ explosion from the tension of confined vapors. Later ex-
plorers of the volcano founu a fissure from the new upheaval to the up-
per peak, one to three feet wide and about three feet in depth, but 
neither heat nor vapor issuing from it. The latest reports iHform us 
that the same phenomena in general continue to present thenu;elves, but 
that such volumes of fetid gases issue from the fissure, that the inhalJj-
tants of the district \Yere forced to leave their abodes. Cows aiHl 
sheep were killed thereby, so that it was found necessary to drive away 
the herds from the neighborhood of the volcano. 
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